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concentrations. Animals exposed to the highest concentration of SY (100 mg/!3 )had only a slight decrease in body weight gain of 4 percent compared to control
animals and an accumulation of foamy macrophages in lungs. Exposure to the
lower concentrations of SY dye elicited no Qbserved response. Animals exposed
to the highest level of SY/SG dye (100 mg/rn) had pulmonary inflammation (as
Judged by increased lactate dehydrogenase activity, protein add neutrophil
numbers in lung lavage fluid) with histopathological evidence of mild Type IIpulmonary epithelial cell hyperplasia and proliferation of foamy alveolarmacrophages. Some of the animals exposed to the medium concentration of SY/SG

,Ki dye mixture (10 mg/m 3 ) produced similar, but m.ilder histopathological results.
Thus, the ni-observable-adverse effects level fyr inhalation exposure to SY dyewas 10 mg/rn while that of SY/SG dye was 1 mg/mr under the exposure regime used.
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"p. EXECUTIVE SUMMARY

i\ The U. S. Army has an interest in the potential inhalation toxicity of a

,• yellow dye (SY) and a yellow/green dye mixture (SY/SG) used in colored smoke
munitions. The chemical name of the major component of the yellow dye is

, . 2-(2'quinolinyl)-1,3-indandione (01) (C.I. Solvent Yellow 33, C.I. 47000) and

the major component of the green dye is 1,4-di-p-toluidinoanthraquinone (TA)

(C.I. Solvent Green 3, C.I. 61565). SY contains only QI. while the SY/SG dye

.. mixture contains 30 percent QI and 70 percent TA. To test the inhalation

toxicity of these materials, exposure atmospheres of SY or SY/SG were

*i - generated in a respirable particle size range and used for inhalation

exposures of F344 rats at three concentrations for 6 hr/day, 5 days/week for a

- period of 90 days. The purpose of these studies was to find a

no-observable-adverse-effect level for each dye material. Animals were

observed for signs of toxicity at the end of each exposure and after a 30-day

post-exposure recovery period. For these studies, the biological indicators

of toxicity were gross clinical observations, changes in body weight gain,

respiratory function measurements, biochemical and cellular analyses of

*• bronchoalveolar lavage fluid, lung tissue enzyme and connective tissue

S'" biochemistry, blood and serum chemistries, and histopathology of selected

tissues. This report descrites the results of these investigations.

In the 90-day inhalation exposure to SY dye, rats were exposed to

aerosols of SY dye at average concentrations of 1.0 i 0.2. 10.8 t 1.8 or 100 ±

17 mg/m3 (X t SD). The average particle size of these aerosols ranged from

2.1 to 4.0 pm (mass median aerodynamic diameter) with the higher exposure

"'" concentrations having the larger particle size. The geometric standard

3
. . .



deviation (a ) of all dye aerosols was approximately 2.0. After

exposures, it was found that very little SY dye (01) was retained in the

lungs, indicating the SY dye was rapidly cleared. Exposure-related

histopathological lesions consisted of the accumulation of foamy alveolar

macrophages in lungs of rats exposed to the highest concentration of SY dye.

Pigments, probably metabolites of quinoline dye, were present in the nasal

cavity, liver and kidneys. Lesser deposits of pigments were seen in the :'4

medium exposure concentration group. No reaction was seen to these deposits

and they were not considered an adverse effect. The body weights of the

animals exposed to the highest concentration averaged 4 percent less than

controls (p < 0.05) at the end of the exposure, but returned to control

values after the 30-day recovery period. Except for these differences, no

other toxicologically significant effects were seen.

Rats were exposed to aerosols of SY/SG dye mixture having average

concentraticns of 1.1 0.5, 10.2 ± 3.1 or 101 ± 23 mg/mr (X ± So).

The average particle size of these aerosols ranged from 2.8 to 4.2 ym (mass

median aerodynamic diameter) with a o of approximately 2.0. As with the

studies on SY dye exposures, it was found that the 01 component of the SY/SG

dye mixture cleared from lungs at a very rapid rate. However, the SG portion

of the SY/SG dye mixture was retained in lungs for a much longer time. Rats

exposed to the highest concentration of SY/SG dye mixture had a significantly

lower body weight after the 90-day exposures than controls, approximately 7

percent less. Analysis of bronchoalveolar lavage fluid showed an influx of

neutrophils and increased enzyme activities, indicating that a mild pulmonary

inflammatory response occurred in high level SY/SG exposed rats.

Exposure-related histopathological lesions consisted of minimal to slight Type

4
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~. II pulmonary epithelial cell hyperplasla and proliferation of foamy alveolar

•. macrophages and lymphoid hyperplasia in the tracheobronchial lymph nodes of

rats exposed to the highest concentration of SY/SG dye. This mild response

"\i was also seen in some of the medium dose animals, but no lesions were observed

in the low dose animals. No other adverse effects wEre observed.

2 Pigments, probably metabolites of quinoline dye, were found in the nasal

cavity, liver and kidneys of the high and medium exposure groups. This

pigment deposition was not considered an adverse effect.

* In summary, minimal histopathological lesions were observed in rats

3exposed to up to 100 mg/m3 of SY dye for 65 days over a 90-day period. In

rats exposed to the SY/SG dye mixture, an exposure concentration of 10 mg/mr3

was sufficient to induce some histopathological lesions in the lung. Thus,

3the no-observable- adverse effects level of SY was 10 mg/m , and for SY/SG
3

it was I mg/mr under the above exposure conditions. It is apparent that theI
SY/SG dye mixture was more toxic to the lung than is the SY dye. This is ax

least partially due to the longer retention time in the lung for the SG

portion of the dye mixture as compared to the SY.
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"INTRODUCTION

The U. S. Army needs to obtain information on the inhalation toxicity of

"the dyes present in colored smoke munitions. The major concern is for the

health of munition )roduction workers who could be exposed to fine dusts

, containing the dyes during production of the smoke munition. In the project,

"Studies on the Inhalation Toxicity of Dyes Present in Colored Smoke Nunitions

"- (Project Order No. 83PP3807),* the Lovelace Inhalation Toxicology Research

* Institute (ITRI) studied the inhalation toxicity of two dye materials: a

yellow dye (SY) and and yellow/green dye mix (SY/SG). The chemical name of the

,% yellow dye is 2-(2'-quinolinyl)-l,3-indandioic (QI). Various synonyms used

* for the dye include C.I. solvent yellow 33, C.I. 47000 and 0 & C yellow No.

11. The green dye is 1,4-di-p-to'uidinanthraquinone (TA) and is also called

C.I. solvent green 3, C.I. 61565 and D & C Green No. 6. The yellow/green dye

mix contains approximately 30 percent yellow dye and 70 percent green dye.

*! The smoke munitions contain 42 percent by mass of the dyes. The balance of

the munition's mass is composed of potassium chlorate, magnesium carbonate and'5

- sucrose.

• .: The work was conducted in four phases. Phase I included standardization

of methods for generation of aerosols of the test materials and the

physical/chemical characterization of the aerosols. Phase 11 consisted of

range-finding experiments to determine acute toxic effects from exposure to

high concentrations of the dyes and to select exposure concentrations for the

,- next two phases of the study. In Phase 111, four-week exposures of animals to

varying concentrations of the dyes were used to determine the lowest exposure

concentration that will produce pathological changes. Phase IV was a 90-day

i"
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subchronic study to determine a no-observable-adverse effects level (NOAEL) of

exposure.

This is a final report of the work completed in Phase IV of these

studies.
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90-DAY INHALATION EXPOSURE TO SY DYE

Nominal exposure concentrations selected for this study were 0, 1, 10,

and 100 mg/mr3 given for 6 hours/day, 5 days/week, for a period of 90 days.

These concentrations were selected on the basis of the results from the 4-week

S exposures to SY dye (Phase I11). The highest level was selected as a

". • concentration expected to produce minimal toxic responses. The lowest level

was selected as the lowest concentration that could be consistently

"maintained. The middle level was selected as a concentration that differs by

a factor of 10 from the low and high levels.

Statistical Analyses

Where possible, computer software packages such as BMDP, RSl or Path/lox

were used for data handling and analysis. Standard tests applied to the

experimental data were one-way analyses of variance followed by tests for the

equality of means, such as simple t-tests or multiple comparison t-tests. 2

Usually a confidence level of 0.05 was used, although in some cases

" - significance was expressed in much smaller or much larger values.b'. .

"Chemicals

SY was supplied by the U. S. Army Medical Bioengineering Research and6

Development Laboratory (Fort Detrick, Frederick, MD). The purity of this dye

material (01) was 93 percent and was used without further purification.

Animals

* Male and female Fischer-344 (F344/N) rats, 15-20 weeks of age were used

for this study. The rats were obtained from an existing colony at the

Inhalation Toxicology Research Institute. Disease surveillance monitoring of

the rat breeding colony is conducted at quarterly intervals. Thirty weanling

L:

13

-A 'A



F344 rats (15 males. 15 females) are assigned to one of 23 available rat

housing rooms. Room assignments are made from a randomized list of animal

rooms. Of the thirty animals assigned to a room, 10 (5 of each sex) are

sacrificed for surveillance at 3 months of age. 10 at one year of age, and 10

at 2 years of age. This system results in 3 age groups and 3 animal rooms

being surveyed every 3 months. The animals are anesthetized and blood is

collected prior to sacrifice. The serum is diluted, heat-inactivated and

submitted to Microbiological Associates (Bethesda, NO) for serologic testing

for Sendai virus, rat corona-virus/Sialodacryodenitis virus (RCV/SOAV), Ir

Reovirus type 3 (Reo 3), Theiler's encephalomyelitis virus (GD VII), Toolan's

H-I virus (H-1), Kilham rat virus (KRV). Lymphocytic choriomeningitis (LCM)

and Mvcoplasma pulmonis. Bacterial cultures are also performed on swabs or

tissue samples from the nasal cavity, lung, spleen, liver, kidney and cecum.

Media have been selected to identify the major bacterial pathogens of

rodents. Following collection of samples for bacterial culture, a complete

necropsy Is performed. Tissues from all major organs and any gross lesions

are collected and processed for histopathology. During the necrospy, the skin

is examined grossly for signs of ectoparasites. skin scrapings are taken if

indicated, and a section of skin is processed for histopathology. Fecal

material and/or cecal contents are examined for internal parasites by fecal

floatation. .

At the age for experimental use, rats were moved to Hazleton 2000

exposure chambers for at least 3 weeks before exposures to acclimate them to

that environment and to ascertain their physical well being. Rats were

assigned to experimental groups by a randomization program on the Path/Tox

computer system (Xybion Medical Systems Corp., Cedar Knolls, NJ) according to

14
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body weight. Rats were uniquely identified using ear tags. During these

P studies all animals were given food (Wayne Lab Blox) and water aA libitum

except that food was withheld during exposure periods.

Inhalation exposure chambers were mnini-ineO at 75 t 30F and 35-70

percent relative humidity. This temperatu. above that normally found in

• an animal room (72 ± 2°F) in order to compens for body heat loss due to

chamber airflow. Chamber airflow rate, temperature, humidity, and pressure

relative to the room were monitored throughout this study. Temperature and

*• humidity measuring devices were calibrated and checked before initiation of

the study. At the time of sacrifice rats were euthanized by intraperitoneal

gw injections of T-61 euthanasia solution.

Animal Exposures

Aerosols of SY dye material were generated using a Jet-O-Mizer air jet

mill as previously described. 3' 4 Four Hazleton 2000 chambers (Hazleton

"Systems, Inc., Aberdeen. MD) containing 6 tiers of animal cages (10-1 rats

* per tier) were used for these whole-body inhalation exposure studies. For

* . these studies, 392 rats (196 males and 196 females) were entered into each

° " exposure chamber in four groups (1 control and 3 treated groups). Immediately

after the last day of exposures, a portion of the animals (132 males and 132

females) were taken for toxicological evaluations, while the remaining animals

* from each of the four exposure groups were held for 30 days to determine if

"* animals could recover from any exposure-related toxic responses.

• •The SY exposure concentration was determined gravimetrically from filter

samples taken daily from each exposure chamber. Particle size of the dye

." material was measured using a Lovelace Multi-Jet cascade impactor. These

, L• particle size measurements were taken each day during the first week of

15
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exposure and then at the intervals shown in Table 1. Concentration and size

characteristics of the exposure atmospheres for each exposure chamber for each

exposure day are shown in Table 1. The daily concentrations were 1.0 1 0.2,

10.8 ± 1.8 and 100 ± 17 mg/m3 (R ± SO). The coefficient of variation of U

daily aerosol concentrations was between 17 and 20 percent.

Clinical Observations

Detailed clinical observations were performed on all animals before

exposures to ensure that they were in good health. Detailed clinical

observations were also done twice daily throughout the exposure period and

during the 30-day recovery period. The animals were also observed twice daily

for morbidity and mortality. No clinical abnormalities were noticed and all

animals survived to sacrifice times.

Animal Body Weights

During the 90-day exposures, a subset of both male and female rats (n

20 per sex) from each exposure chamber (including the control chamber) were

weighed on a weekly basis. This same subset of animals were held for the

30-day recovery time and also weighed at the end of this recovery period. .

Body weights measured throughout the study are summarized in Table 2. Before

exposures, animal weights did not differ among the different exposure groups.

However, after exposures rats exposed to the highest level of SY dye (100

3
mg/M ) gained weight at a slightly slower rate than controls. At the end of

exposures, these high level exposed rats weighed approximately 4 percent less

than the control animals (for the null hypothesis P < 0.05 in Dunnett's

multiple comparisons procedure). During the 30-day post-exposure recovery

period, the weights of male rats exposed to the highest level of SY dye
p%

returned to control male animal weight values, whereas the body weights of N

16
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Table 1

SY Aerosol Concentration and Size Characteristics for the

90-Day Inhalation Study

LOW MEDIUM HIGH

Conc MMADa Conc. MMAO Conc. MMAD

(mg j (vm) a4 b (mg/r 3 (UM) (mg/r) (3am)

Day 1 1.7 2.3 2.0 14.5 2.5 1.9 76 3.5 1.9
2 0.7 2.2 2.0 7.4 2.7 2.0 52 3.8 1.8
3 0.8 2.2 2.0 10.1 2.9 2.0 1001, 4.4 2.0
4 1.0 2.2 2.0 10.2 2.8 2.0 107 4.4 2.1

'5 1.1 ?.1 2.0 10.8 2.6 2.0 112 4.4 1.9
6 1.1 8.6 126
7 1.0 2.3 2.4 13.1 2.6 2.0 89 4.1 1.9
"8 1.1 11.7 98
9 1.3 10.7 115

10 0.9 10.9 87
- 11 1.1 2.1 1.9 12.1 2.8 1.9 10IL 3.3 1.8

12 1.1 11.4 85
13 0.9 12.2 95
14 0.6 12.4 104
15 1.3 16.6 151
16 0.6 2.0 1.9 13.8 2.8 1.9 86 4.0 1.8
"17 0.9 13.2 108
18 1.0 16.3 133
19 1.1 9.8 108
20 0.7 10.4 78
21 1.1 10.2 64
"22 1.1 2.1 1.9 10.1 2.9 2.0 98 4.3 1.9 I
23 1.1 11.0 122
"24 0.9 9.4 90
25 1.2 8.9 97
26 0.9 8.1 95
27 0.9 2.1 1.8 12.0 2.9 2.0 115 4.5 1.9

. 28 0.8 12.0 86
29 1.1 13.5 91
30 1.1 9.4 100
"31 1.3 12.7 103
32 1.5 12.4 100
33 1.0 2.0 2.0 10.9 2.8 2.0 95 4.4 2.0
34 1.1 8.9 96
"35 1.4 9.0 113
36 1.0 9.6 94
37 1.1 10.7 96
38 1.0 2.0 1.9 9.8 2.5 2.0 78 3.7 2.?
39 0.9 9.9 78
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Table I (Continued)

LOW MEDIUM HIGH

Conc. HMAAO Conc. MNAD Conc. MMAD

(mg/mr) (Um) (mg/Mr) (0ma) O (mg/Mr) (GO)

Day 40 1.2 10.7 94
41 1.3 10.3 103
42 1.3 11.5 71
43 0.9 2.0 2.1 9.6 3.2 2.0 66 3.7 2.0
44 1.1 12.8 120
45 1.2 10.8 109
46 0.9 10.0 96,
47 0.9 10.8 97
48 0.9 2.1 1.9 10.5 3.1 1.9 90 3.9 2.0
49 1.1 10.3 98
50 0.8 9.6 99
51 1.3 9.8 100
52 1.2 10.8 105
53 1.2 12.2 3.6 2.7 113 3.6 1.8
54 1.0 2.1 2.2 12.5 135 -.

55 0.9 8.1 103
56 0.8 10.4 117
57 0.9 9.4 96
58 1.1 2.3 2.2 9.8 2.8 2.1 112 4.2 2.1
59 1.0 8.7 129
60 1.1 10.5 115
61 0.9 10.3 100
62 0.9 2.1 2.1 10.8 3.1 2.1 82 3.4 2-0
63 0.9 7.2 98 I
64 0.9 8.5 105
65 1.0 9.7 122

S1.0 2.1 2.0 10.8 2.9 2.0 100 4.0 2.0
SO +0.2 +0.1 +0.1 + 1.8 +0.3 +0.1 + 17 +0.4 +0.1

Daily chamber concentrations were determined by the mean of 3 two-hour
samples taken during the day.

aMMAD = mass median aerodynamic diameter
bog = geometric standard deviation

18
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I

female rats exposed to the highest level of SY dye remained significantly

lower than control female body weights. j
Lung Content of 01 After Exposure to SY Dye

On the day after the last exposure day, lungs from six rats (three male

and three female) from each chamber (low, medium and high concentration) were

analyzed for QI content. Animals were sacrificed and lungs removed, with care

to avoid contamination with yellow dye on the pelt. Each lung was homogenized

in 1.5 ml of acetonitrile and centrifuged, and the supernatant was removed.

The pellet was resuspended in 2 mL acetonitrile, centrifuged, and the

supernatant removed. This procedure was repeated three more times.

Preliminary experiments in which excised control lung lobes were directly

injected with a syringe with a known amount of SY dye dissolved in

acetonitrile prior to homogenization showed that this extraction procedure

removed 94 percent of the QI. The combined supernatants were diluted to 10 mL

and analyzed for Q4 by HPLC using the following conditions:

-- reverse phase column (Alltech C-18, 10; 25 cm x 4.6 mm) u
-- 9:1 acetonitrile:water mobile phase (1 mL/min)
-- UV detection at 435 nm

The results, shown in Table 3, demonstrate that very little QI was retained in

the lung. Thus, the majority of the QI deposited in lungs during exposures

was cleared at a rapid rate. Assuming 10 percent pulmonary deposition of
5inhaled SY dye aerosol and a minute volume of 200 mI/mn, 720 ug of SY

dye/day should have been deposited in animals exposed to the high

concentration. Of the amount calculated to be deposited during only the last

day of exposure, only - 0.2 percent remained 16 hours after exposure. This

finding is similar to the results found in the four-week exposure of rats to
1I.-"

SY dye aerosols (Phase I11).I

20
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Table 3

Lung Burden of Q1 After a 90-Day Exposure to SY Dye

Aerosol Lung Burden
Concentration Mean + SE (n = 3)

(mq/m 3) (ug/lung)

"Male 1 0.050 + 0.030

- 10 0.20 + 0.10

100 1.3 + 0.3

Female 1 0.025 + 0.007

10 0.10 + 0.04

100 1.3 + 0.2

21
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Respiratory Function

The respiratory function of 8 male rats and 8 female rats at each

exposure level (control, low, medium and high) was measured before exposures

-. began, at the end of the 90-day exposures and at 30 days after the end of

S exposures, using methods previously published. Each rat was anesthetized

with halothane in air, intubated with orotracheal and esophageal catheters and

placed prone in a plethysmograph. Breathing patterns and dynamic lung

mechanics were measured during spontaneous breathing. Prior to each

subsequent test procedure, the rat was hyperinflated manually to +20 cm H20

transpulmonary pressure to stimulate pulmonary stretch receptors, and the

various inflation-deflation cycles were performed during the ensuing periods

of apnea. The rat resumed spontaneous respiration between each procedure and

its anesthetic depth and breathing pattern were stabilized. Measurements

included all physiologic subdivisions of lung volume, quasistatic (slow)

pressure-volume relationships, carbon monoxide (CO) diffusing capacity, forced

exhalation and single-breath N washout. Thirty-seven variables were
2

measured or calculated for each rat, providing information on various aspects

of lung respiratory function: ventilation, lung mechanics, gas distribution

and gas exchange.

All data were summarized by measurement period and exposure group. The

group data were compared at each measurement time using analysis of variance

(BMDP Statistical Software, University of California, Los Angeles). Values

for each exposed group were compared to those of the controls by the Student's "a

t-test adjusted for multiple comparisons using the Bonferroni inequality. The

criterion for statistical significance was set at the 95 percent confidence

level for all comparisons.
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The results are summarized in Tables 4 (pre-exposure). 5 (imwediately

Safter exposure) and 6 (30 days after exposure). Mean values different from

control means at the 95 percent confidence level are Indicated in the tables

'. with an asterisk. There were no significant differences among the groups

before exposure (Table 4). At the end of exposure (Table 5). the only
IL

•, significant difference was a lower volume-normalized CO diffusing capacity in

the high level group as compared to controls. A slightly lower diffusing

'- capacity and slightly higher alveolar volume (measured by gas dilution during

*. the diffusing capacity test) combined to produce the significant difference.

At 30 days after the end of exposure (Table 6). the only significant

difference was a lower volume-normalized forced expiratory flowrate at 10% of

forced vital capacity (i.e., flow rate at low lung volume). As with diffusing

capacity, this resulted from nonsignificant differences in the two variables

used to calculate the parameter.

These results indicate very little effect of the 90-day SY dye exposure

on respiratory function. Values for single parameters differed significantly

between controls and high-level exposed rats after exposure and 30 days

later. However, these differences did not comprise a recognizable pattern of

* physiological change, nor were they supported by trends in related

parameters. Thus, in the absence of supportive significant differences or

consistent trends, the high exposure level can be considered to have caused no

decrement in respir tory function.

I!
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• .From the results of the 4-week exposure of rats to SY (Phase Il1). we

I suggested it was important to look for indications of emphysematous changes in

rats exposed to SY for a longer time. In the 90-day exposed rats there was no

indication of any development of emphysematous lesions.

Lung Biochemistry

Lung damage was assessed by the analysis of bronchoalveolar lavage (BAL)

.. fluid. Previous studies have shown this to be a useful method to detect an

inflammatory response in lungs following inhalation of toxic materials.7

"- Analysis of BAL fluid was done after 6 weeks as well as after 13 weeks

of exposure and at the 17 week time point (30 days after end of exposure).

Parameters measured in BAL fluid included total and differential cell counts,

lactate dehydrogenase. B-glucuronidase, acid phosphatase and total protein.

"* There was no indication of any inflammatory response in the lung at any time

* point (Table 7). There was a slight decrease in the number of macrophages

recovered from some of the exposed animals. However, the significance of this

*, is unknown since there was no concomitant increase in lysosomal enzymes or in

lactate dehydrogenase to indicate that macrophages had been lysed.

Statistical analysis of these data was by analysis of variance followed by

• . Bonferroni pairwise comparisons of means.

Lung tissue and lavage fluid protelnolytic activity were also measured

in control rats and rats exposed to SY dye aerosols. The data were compared

statistically using the Student's t-test corrected for 3 comparisons. Results

showed no differences in these activities between control and exposed rats

after the 90-day exposures (Table 8) or after the 30-day recovery period

"* (Table 9).
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Table 8

Lung and Lavage Fluid Proteinolytic Activity in

Rats Exposed to SY Dye for 90 Days

mg protein released/hr/q lunga

* Lung Tissue: Control Low Medium High

_ Total Acid Proteinase 10.3 + 1.0 9.9 + 1.3 10.3 + 1.0 10.9 + 1.0
Cathepsin Db 8.1 + 0.8 8.4 + 0.8 8.0 + 0.9 8.5 + 0.6
Cathepsin Bc 2.2 + 0.5 1.6 + 0.6 2.3 + 0.2 2.4 + 0.6

"Total Neutral Proteinase 1.9 + 0.6 1.4 + 0.2 1.2 + 0.1"' 1.2 + 0.1
-* Mac rophage

Elastased 0.9 + 0.6 0.4 + 0.1 0.3 + 0.1 0.3 + 0.1
Cathepsin G÷ Neutrophil

Elastasee 1.0 + 0.1 1.0 + 0.1 1.0 + 0.1 0.9 + 0.1

Lavage Fluid:

- Total Acid 4.'oteinase 3.5 + 0.6 4.3 + 0.5 4.0 + 0.3 4.3 + 0.5
Cathepsin 0 2.1 + 0.4 3.0 + 0.4 2.9 + 0.8 2.7 + 0.5
Cathepsin 8 1.4 + 0.5 1.5 + 0.4 1.1 + 0.8 1.6 +_ 0.4

aMean + SE (N = 5-6). No differences were seen when the data were compared
using the Student's t-test corrected for 3 comparisons. Also, no differences
were noted in lung weights among the different exposure groups.

bnot inhibited by leupeptin
dinhibited by leupeptrn
dinhibited by 1,10 phenanthroline
enot inhibited by 1.10 phenanthrolne

i2
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Table 9 U
Lung and Lavage Fluid Proteinolytic Activity in Rats Exposed j

to SY Dye for 90 Days and Allowed to Recover for 30 Days I
mg protein released/hr/g lunga

Lung Tissue: Control Low Medium _ Hiqgh ..

Total Acid Proteinase 9.6 + 0.5 10.5 + 1.1 9.8 ± 0.7 9.4 + 0.6 NS_
Cathepsin Dc 8.1 + 0.6 8.4 + 0.7 7.8 + 0.5 8.3 + 0.5
Cathepsin 8d 1.4 T 0.5 2.1 + 0.5 2.0 + 0.4 1.1 + 0.4

Total Neutral Proteinase 0.3 + 0.1 0.3 + 0.1 0.2 + 0.1 0.3 + 0.1
Mac rophage

Elastasee 0.1 + 0.1 0.2 + 0.1 NOb 0.2 + 0.1
Cathepsin G+ Neutrophil

Elastasef 0.2 + 0.1 0.1 + 0.1 0.5 + 0.2 0.1 + 0.1

Lavage Fluid:

Total Acid Proteinase 2.8 + 0.2 2.8 + 0.3 2.6 + 0.1 2.2 + 0.1
Cathepsin D 1.0 + 0.2 1.0 + 0.2 1.3 + 0.5 0.5 + 0.1
Cathepsin B 1.8 + 0.3 1.9 + 0.3 1.4 + 0.6 1.6 + 0.2 5

aMean + SE (N - 5-6). No differences were seen when the data were compared
using the Student's t-test corrected for 3 comparisons. Also, no differences
were noted in lung weights among the different exposure groups.
bND = none detected.
Cnot inhibited by leupeptin
dinhibited by leupeptin
einhibited by 1,10 phenanthroline
fnot inhibited by 1,10 phenanthroline
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,Lung Connective Tissue Biochemistry

Total lung collagen and airway fluid hydroxyproline content were

measured in both control and SY dye exposed rats. Results showed no

• differences between control and exposed animals for these parameters after the

90-day exposure period (Table 10) or after the 30-day post-exposure recovery

"time (Table 11). Results were compared statistically using the Student's

, t-test corrected for 3 comparisons.

* Hematology and Serum Clinical Chemistries

"Hematology and serum clinical chemistry determinations were'done on rats

exposed to SY over a 90-day period and on serum from exposed rats that were

allowed to recover for 30 days. The parameters measured in these

determinations are listed on Table 12. No hematologic parameters were

• . affected by exposure to yellow dye. However, marginal reductions in serum

alkaline phosphatase and serum glutamic pyruvic transaminase (SGPT) activities

in serum were seen after 90 days of exposure to the highest concentration of

* SY dye (Table 13). These changes returned to normal after the 30-day recovery

period (Table 14). Total bilirubin and cholesterol concentrations in serum

" were increased after 90 days of exposure to the highest level of yellow dye.

The serum enzyme changes, along with increased bilirubin and cholesterol,

suggest minimal hepatic dysfunction which was no longer present 30 days

* post-exposure. No other exposure levels were affected, and this increase was

no longer present after the 30-day recovery period. Thyroxine was not

*' significantly affected by exposure to yellow dye (Tables 13 and 14).

Histopathology

Ten males and ten females from each exposure group and time were

sacrificed by ,ntraperitoneal inJections of T61 and examined for gross

31
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Table 10 I
Lavage Fluid and Lung Tissue Collagen for Rats Exposed

to SY Dye for 90 Days

Lavage Fluid Collagen Total Lung Collagen
{uJlg)* (,n/l)* I

Control 31 + 4 18 + 1

Low 34 + 5 19 + 2

Medium 35 + 5 16 + 1

High 38 + 8 15 + 1

*Normalized to grams of lung weight (mean + SE; n = 5-6). No

differences were seen when the data were compared using Student's
t-test corrected for 3 comparisons. Also, no differences were
noted in lung weights among the different exposure groups.
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"Table 11

Lavage Fluid and Lung Tissue Collagen for Rats Exposed

to SY Dye for 90 Days Followed by 30 Days of Recovery

Lavage Fluid Collagen Total Lung Collagen
,.(mq/)*

Control 36 + 3 15 + 1

"Low 30 + 4 17 + 1

Medium 38 + 4 16 + 1

High 35 + 5 15 + 1

*Normalized to grams of control lung weight (mean + SE; n - 6).
No differences were seen when the data were compared using the
Student's t-test corrected for 3 comparisons. Also, no
differences were noted in lung weights among the different
exposure groups.

i
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Table 12 I
Hematology and Serum Clinical Chemistry Measurements on Rats I
Exposed by Inhalation to SY or SY/SG Dye Aerosols for 90 Days

a. Hematology:

1) Hematocrit

2) Hemoglobin concet;tration

3) Erythrocyte count

4) Erythrocyte indices (mean cellular volume, mean cellular hemoglobin,

mean cellular hemoglobin concentration)

5) Leukocyte count, total

6) Leukocyte count, differential
e

b. Serum Chemistry:

1) Total protein and albumin

2) Serum -amma-glutamyl transpeptidase*

3) Serum glutamic pyruvic transaminase

4) Serum alkaline phosphatase

5) Billrubin (total)

6) Blood urea nitrogen

7) Creattnine

8) Calcium

9) Phosphorus

10) Sodium

11) Potassium
12) Chloride

13) Glucose

14) Cholesterol

15) Thyroxine (T4)

*No activity detected following the SY/SG exposures. Therefore, not measured

after the SY exposures.
34
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Table 13

Clinical Pathology Values of Rats

Exposed to SY Dye for 90 Days

t( ± SE, n 11-12)

Biochemistry: Control Low Medium High

• " Alkaline
Phosphatase 72 + 6 67 + 7 63 + 5 57 + 4*
(IU/L)

SGPT 40 + 7 36 + S 33 + 2* 32 + 1*
- (IU/L)

"Total bilirubin 0.29 + 0.03 0.30 + 0.05 0.35 + 0.04 0.38 + 0.03*
(mg/dL)

i Thyroxine 3.6 + 0.3 3.7 + 0.4 3.7 + 0.2 3.9 +o 0.5
(vg/dL)

• . Glucose
(mg/dL) 230 + 40 190 + 20 190 + 20 180 + 20

U Cholesterol
(mg/dL) 72 + 13 78 + 16 85 + 18 113 + 13*

.BUN

(mg/dL) 21 + 2 18 + 2 19 + 2 18 + 2

ml Creatinine
• (mg/dL) 0.63 + 0.02 0.58 + 0.05 0.58 + 0.03 0.55 + 0.04

Inorganic
"Phosphorous
(mg/dL) 6.0 + 0.8 5.7 + 0.5 6.2 + 0.7 6.0 + 0.6

a.-. Calcium

(mg/dL) 11.0 + 1.4 11.1 + I. 10.4 + 0.4 10.9 + 0.7

Total Protein

(g/dL) 6.3 + 0.4 6.3 + 0.4 6.3 + 0.2 6.5 + 0.3

Albumin
(q/dL) 4.1 + 0.3 4.2 + 0.2 4.4 + 0.2 4.5 + 0.3

*P < 0.05 in Student-t statistic. Critical t-values were corrected for 3
L comparisons.
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Table 13 (continued)

Clinical Pathology Values of Rats

Exposed to SY Dye for 90 Days

(i t SE. n = 11-12)

Biochemistry: Control Low Medium High

Sodium
(meq/L) 148 + 2 149 + 1 149 + 2 149 + 2

Potassium
(meq/L) 6.0 + 1.0 5.6 + 0.3 5.5 + 0.4 5.6 + 0.4

Chloride
(meq/L) 112 + 2 112 + 1 112 + 2 111 +1

Hematology:

RBC
(10 6/mm3 ) 7.1 + 0.4 7.1 + 0.3 7.1 + 0.4 6.9 + 0.5

Hematocrit (%) 38 + 1 38 + 1 38 ± 2 36 ± 3

Hemoglobin :
(g/dI) 13.8 + 0.4 13.7 + 0.4 13.8 + 0.5 13.4 + 0.4

Mean Corpuscular
Volume (pm 3 ) 53 + 1 53 + 2 54 + 2 53 + 1

Mean Corpuscular
Hemoglobin
Concentration (%) 37 + 1 37 + 1 36 + 1 37 + 2

WBC
(10 3/mm3 ) 1,9 + 0.8 1.8 + 0.6 2.2 + 0.6 2.1 + 1.1

Neutrophils
(10 3/mm3 ) 0.6 + 0.3 0.5 + 0.2 0.6 + 0.2 0.6 + 0.2

Lymphocytes
(0l/lmma) 1.3 ± 0.5 1.2 + 0.3 1.6 + 0.4 1.5 + 0.9

Eosinophils
(10 3 /mm3 ) <0.1 <0.1 <0.1 <0.1

Basophils
(10 3 /amm 3 ) <0.1 <0.1 0.1 (0.1

*P < i.05 in Student-t statistic. Critical t-values were corrected for 3
comparisons.
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Table 13 (continued)

* Clinical Pathology Values of Rats

Exposed to SY Dye for 90 Days

(X t SE, n 11-12)

Hematologv: Control Low Medium High

MonucytesS103/ram3) <_0.1 <0.1 <_0.1 <_0.1

Banded Neutrophils
(10 3/ram3 ) <0.1 <0.1 <0.1 <0.I

"NRBC
(10 3 /amM 3 ) <0.1 <0.1 <0.1 <0.1

A *P <_ 0.05 in Student-t statistic. Critical t-values were corrected for 3
comparisons.
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Table 14

Clinical Pathology Values of Rats Exposed to SY Dye

for 90 Days and Allowed to Recover for 30 Days*

(X t SE. n - 11-12)

Biochemistry: Control Low Medium High

Alkaline
.•iosphatase 72 + 8 73 + 9 70 + 4 75 +t 7,. (IU/L)

SGPT 44 + 5 49 + 11 38 + 4 41 7 1
(IU/L)

Total bilirubin 0.30 + 0.11 0.33 + 0.08 0.32 + 0.12 0.40 + 0.09
(mg/dL)

*1

Thyroxine 3.1 + 0.4 3.4 + 0.6 3.4 + 0.6 3.9 + 0.6
(mg/dL)

Glucose
(mg/dL) 240 + 50 250 + SO 250 + 40 250 + 50

Cholesterol
(mg/dL) 96 + 28 87 + 25 92 + 21 98 + 20

BUN
(mg/dL) 24 + 1 24 + 1 24 + 1 25 + 3

Creatinine
(mg/dL) 0.8 + 0.2 0.8 + 0.2 0.7 + 0.2 0.7 + 0.1

Inorganic
Phosphorous
(mg/dL) 6.7 + 1.1 7.0 + 1.1 7.0 + 1.5 7.4 + 1.4

Calcium
(mg/dL) 12.0 + 0.4 12.1 + 0.4 12.3 + 0.7 12.0 + 0.8

Total Protein
(g/dL) 7.9 + 0.2 8.1 + 0.7 7.9 + 0.2 7.9 + 0.4 -

Albumin

(g/dL) 5.0 + 0.2 5.1 + 0.7 5.0 + 0.3 5.2 + 0.3

*There were no significant differences between treated and control groups at
P < 0.05 in Student-t statistic. Critical t-values were corrected for
3 comparisons.
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Table 14 (continued)

Clinical Pathology Values of Rats Exposed to :Y Dye

for 90 Days and Allowed to Recover for 30 Days*

(X ± SE. n - 11-12)

Biochemistry: Control Low Medium High

Sodium
(meq/L) 147 + 2 148 + 3 148 + 4 144 + 9

Potassium
(meq/L) 6.0 + 0.7 5.7 + 0.4 5.5 ± 0.4 5.6 + 0.4

Chloride
(meq/L) 110 + 2 111 + 2 110 ± 1 109 + 3

Hematologv:

RBC
(106/ram3 ) 7.4 + 0.4 7.7 + 0.4 7.7 + 0.4 7.7 + 0.5

Hematocrit (•) 40 + 1 41 ± 1 41 + 1 41 + 3

Hemoglobin
(g/dL) 14.1 + 0.3 14.4 + 0.4 14.5 + 0.3 14.5 + 0.3

Mean Corpuscular
Volume (pm3 ) 53 + 2 53 + 2 54 + 3 53 + 2

Mean Corpuscular
Hemoglobin
Concentration (%) 36 + 1 36 ±1 35 + 1 36 + 1

WBC
(10 3/mm3 ) 2.4 + 0.3 2.8 + 0.1 3.1 + 0.1 2.8 + 0.1

Neutrophils
(10 3 /mm3 ) 0.7 + 0.4 0.7 + 0.3 0.8 + 0.4 0.7 ± 0.4

Lymphocntes
(10/mma) 1.7 + 0.6 2.0 + 0.4 2.3 + 0.7 2.1 + 0.7

Eosinophils
(103/MM3 ) <0.1 <0.1 <0.1 <0.1

*There were no significant differences between treated and control groups at

P < 0.05 in Student-t statistic. Critical t-values were corrected for
3 comparisons.
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Table 14 (continued)

Clinical Pathology Values of Rats Exposed to SY Dye j
for 90 Days and Allowed to Recover for 30 Days*

(i t SE, n - 11-12) I
Hematoloay: Control Low Medium Hiah

Basophils
(10 3 /amw 3 ) <0.1 <0.1 <_0.1 <0.1

Monocytes
(10 3 /m 3 ) <0.1 <0.1 <0.1 <0.1

Banded Neutrophils
(10 3 /rm 3 ) <0.1 <0.1 <0.1 <0.1

NRBC

( 10/mm3) <0.1 <0.1 <0.1 <0.1

*There were no significant differences between treated and control groups at

P < 0.05 in Student-t statistic. Critical t-values were corrected for
3 comparisons. iO
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lesions. Routine parafin embedded. 5 micron, hematoxylin and eosin stained

S slides from the following tissues were prepared for all animals: skin,

tracheobronchial lymph node. popliteal lymph node, spleen, femur, larynx,

.•, nasal cavity (four levels), trachea, lung (four lobes), heart, stomach,

duodenum, cecum, colon, liver, pancreas, kidneys, urinary bladder, epididymis,

testis, prostate, uterus, ovary, adrenal, thyroid, brain, pituitary, eyes, and

any gross lesions. Microscopic evaluation was performed on all of the listed

tissues from the control and high dose groups. Tissues from the lower levels

• • were evaluated to determine a no-effect level for each tissue having a

treatment-related effect. Histopathologic evaluation of tissues from animals

•h exposed to SY was done at Experimental Pathology Laboratories, Inc., Herndon,

VA. by Dr. Deborah Banas, Diplomate ACVP. The following is a summary of the

findings. The complete histopathology report for this 90-day SY exposure

* study can be found in Appendix 1.

Ninety-Day Exposure

Inhalation of SY dye at the high exposure concentration for 90 days

resulted in submucosal pigment deposition in the nasal cavity of all rats.

"* The pigment deposition was heaviest at medium and high levels. In the

kidneys, an increase in granular pigment located in the cortical tubules was

noted in all high dose rats. In the male rats, there was also an increase in

S.- the incidence of lesions characteristic of early chronic nephropathy, namely

foci of regenerative tubular epithelium, casts, and foci of mononuclear

* -.- cells. However, these lesions arc comnmonly noted in rats of this age andI
strain and were only minimal to slight in severity. In the liver, minimal to

slight granules of pigment were noted in the bile duct eoithelium or

hepatocytes adjacent to the bile duct in all high dose rats. In the lung,
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minimal focal accumulations of foamy appearing alveolar macrophages containing

a minimal amount of pigment were noted in the alveoli adjacent to the j
respiratory bronchioles in one male. This lesion was accompanied by minimal

hyperplasia of Type I1 cells (granular pneumocytes).

In the rats exposed to SY at the medium exposure concentration, only

nasal cavity, lung, liver, and kidneys were examined. In the nasal cavity,

minimal submucosal pigment was noted at the medium level in three males and

two females, and at the high concentration in five males and seven females.

Pigment deposition in the kidneys was comparable to that of the controls. In

the liver, minimal granules of pigment were noted in two females. No lesions

attributable to treatment were noted in the sections of lung examined.

In the rats exposed to SY at the low exposure concentration, the nasal

cavities of both sexes were examined. The livers of females were also

examined. No compound-related histomorphologic alterations were noted in

either of these tissues.

Thirty Day Recovery

Inhalation of SY dye at the high exposure concentration for 90 days, .

followed by a 30 day recovery period resulted in submucosal pigment deposition

in the nasal cavities of all rats. This pigment deposition was heaviest at

the medium and high levels, and was slightly less severe than was noted at the

90-day sacrifice. Increased pigment was noted in the kidney tubules and

appeared to be less severe than that noted at the 90-day sacrifice. The

incidence of early chronic nephropathy was comparable to that of the

controls. In the liver, pigment deposition in the bile duct epithelium was

comparable to that noted after the 90-day exposure. In the lungs, two males

had minimal focal accumulations of foamy appearing alveolar macrophages
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containing a minimal amount of pigment. These accumulations were accompanied

Sy minimal hyperplasia of Type 11 cells (granular pneumocytes).

In the rats exposed to SY dye at the medium exposure concentration for

S.90 days followed by a 30-day recovery period, only nasal cavity, lung, liver,

and kidneys were examined. In the nasal cavity, minimal submucosal pigment

was noted at the medium level in two males and four females and at the high

level in six males and eight females. Slight submucosal pigment was noted at

the high level in an additional male. Pigment deposition in the kidneys was

:* comparable to the controls. No lesions attributable to treatment were noted

in the lung or liver.

In the rats exposed to SY dye at the low exposure concen'ration, only

the nasal cavity was examined. No compound-related histomorphological

alterations were noted in these sections.

The finding of pigments in the nasal cavity, kidney and liver was

examined in more detail at ITRI. Special stains (Prussian Blue for iron,

periodic acid Schiff (PAS) and Hall's stain for bile) were made on sections of

. kidney, liver and lung to differentiate administered dye material in the

"* tissues from autogenous pigments found In normal rats. The pigments in the

"" control kidneys and some of the pigments in the exposed rats stained faintly

with PAS indicating that they were probably a natural phenomenon that has been

previously described. The major portion of the pigments in the exposed rats

did not stain. It is hypothesized that the pigments in the nose, liver and

:" kidney are metabolites of quinoline dye. Metabolism studies have shown that

the dye is metabolized by the liver and excreted by the kidney. The pigment

in the nasal cavity is Iresent only under the olfactory epithelium, the

[ epithelium where mixed function oxidases are concentrated. No pigments were
6
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found in the tracheobronchial lymph nodes indicating that the dye was soluble

enough to leave the lung before particle translocation to the lymph node took

place.

Spontaneous disease lesions and incidental findings such as retinal

degeneration, focal acinar atrophy of the pancreas, nematodiasis and

nonsuppurative myocarditis occurred in a few rats In both control and treated

groups at both sacrifice intervals. These lesions were distributed with

approximately equal frequency in test and control rats, and thus were not

xexposure related (see Appendix I).
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90-DAY INHALATION EXPOSURE TO SY/SG DYE

Nominal exposure concentrations selected for this study were 0, 1, 10

and 100 mg/m3 given 6 hours/day, 5 days/week, for a period of 90 days.

These exposure concentrations were selected on the basis of the same criteria

as the 90 day SY dye exposure previously mentioned.

Statistical Analyses

"* Where possible, computer software packages such as BMDP. RSl or Path/Tox

were used for data handling and analysis. Standard tests applied to the

* experimental data were one-way analyses of variance, followed by tests for the

equality of means, such as simple t-tests or multiple comparison t-tests2

i • for the equality of medians. Usually a confidence level of 0.05 was used,

although in some cases significance was expressed in much smaller or much

"* larger values.

jChemicals
SY/SG was supplied by the U. S. Army Medical Bioengineering Research and

Development Laboratory (Fort Detrick, Frederick, NO). The purity of this dye

i * material (0I and TA combined) was 95 percent and was used without further

"* purification.

- .Animals and Animal Exposures

Male and female Fischer-344 (F344/Crl) rats, 15-20 weeks of age with an

age range of ± 2 weeks, were used for this study. These animals were

obtained from an existing colony raised at the Inhalation Toxicology Research

~ • Institute in which the disease surveillance monitoring of the colony was as

previouslv described in this report. Rats were then acclimatized in exposure

-. chambers, randomized into experimental groups, and cared for as described

i previcusly in this report for the 90 day inhalation exposure study of SY dye.
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I
Animals were exposed to 3 levels of SY/SG dye material generated by a

Jet-O-Kizer air jet mill as previously described. 3 ' 4  The arrangement and

entry groups of animals in the four Hazleton 2000 whole-body inhalation

chambers used for this study (3 exposure and 1 air control), and chamber

environment monitoring and maintenance were as previously described in this
report for the 90 day inhalation study of SY dye. Concentration and size

characteristics of the exposure atmospheres for each of the 63 exposure days

are shown in Table 15. The SY/SG aerosol concentration was determined

gravimetrically from filter samples taken daily from each expocdre chamber.

Aerosol size of the dye material was measured with a Lovelace helti-Jet

cascade impactor each day during the first week of exposure and at intervals
as shown in Table 15 thereafter.

Clinical Observations

Detailed clinical observations were performed on all animals before

exposures to ensure that they were in good health. Detailed clinical

observations were also done at 6 weeks after the initiation of exposures, at

the end of the 90 day exposures and after the 30 day recovery period. TheII
animals were also observed twice daily for morbidity and mortality. No

clinical abnormalities were noticed and all animals survived to sacrifice -

times.

Animal Body Weights

During this 3-month exposure, subsets of both male and female rats (n

20 per sex) from each exposure chamber (including the control chamber) were

weighed on a weekly basis. All animals were weighed after the last day of

exposure. Those animals not sacrificed after the last day of exposure and
held for the 30-day recovery were weighed at the end of this recovery period. *

Body weights measured throughout the study are summarized in Table 16. These
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Table 15

SY/SG Aerosol Concentration and Size Characteristics for the

90-Day Inhalation Study

LOW MEDIUM HIGH

Conc. MMAD 8  Conc. KNAD Conc. MMAD
3 b 3 3(mg/mr) (Pm) 0 (mg/mr) (Pm) a (mg/m31 (0m) 0

Day 1 2.0 3.1 1.9 16.4 2.9 1.8 125 5.0 2.0
2 1.1 3.1 2.3 10.2 2.9 1.9 85 4.8 2.1

. 3 1.5 3.5 2.2 7.4 3.1 2.0 62- 4.3 2.0
4 1.1 3.3 2.5 13.1 3.3 1.9 66 4.2 2.0
5 1.3 3.2 2.4 11.0 3.2 2.0 106 4.4 1.9
6 1.3 9.0 101
7 0.7 2.0 1.9 12.5 113
8 1.3 14.1 3.3 2.0 86 4.1 1.9
9 0.8 6.0 72

10 1.1 12.0 107
"11 1.7 9.8 97
12 1.9 10.0 61 3.9 2.8
13 1.7 9.9 3.0 1.8 78
14 0.8 2.5 2.4 9.8 95
15 0.9 10.8 123
16 0.4 10.2 97
17 1.7 2.8 2.0 12.2 80
18 1.1 12.0 2.8 i.9 102
19 0.9 10.1 104 3.6 1.8

U 20 1.2 11.2 93
21 0.5 2.4 2.0 11.3 84
22 0.9 9.4 2.7 2.0 86
23 0.6 9.4 96 4.0 1.9
24 0.8 10.0 55
25 1.2 13.2 8

P 26 1.7 3.2 2.1 9.5 119
27 1.0 9.6 3.1 2.1 132
28 0.7 1.8 107 4.4 2.0
29 0.7 5.3 113
30 1.0 9.9 '142
31 1.0 2.7 2.1 14.0 123
32 0.8 12.8 3.1 1.8 105
33 1.0 13.3 98 4.2 1.9

• 34 0.7 13.1 98
35 0.6 9.6 131
36 0.7 2.4 2.0 10.4 90
37 0.9 12.5 3.0 1.9 98
38 0.7 10.2 101 3.8 1.8
39 1.1 7.3 132
"40 1.0 9.4 117
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Table 15 (Continued)

I
LOW MEDIUM HIGH

Conc. MHADa Conc. MMAD Conc. KNAD
(mg/mr) (Um) ! (mg/mr) (1M.) f (mg/rm) (PaM)

Day 41 0.3 2.4 2.1 2.2 108
42 0.8 10.9 2.7 2.2 116
43 1.0 7.1 69 4.2 1.9
44 0.4 3.6 135
45 0.8 8.7 130
46 0.8 2.6 1.9 13.5 131
47 1.0 11.0 3.0 1.9 122,
48 0.9 11.6 109 3.8 1.8
49 0.6 13.4 90
50 0.9 13.8 80
51 1.1 2.5 1.9 12.7 93
52 1.4 7.1 3.0 2.0 121
53 1.4 11.1 111
54 1.4 9.7 137
55 3.5 11.5 102 3.9 1.8
56 0.8 13.4 103
57 1.6 2.9 2.1 11.5 120
58 0.9 10.2 2.8 1.9 101 U
59 0.8 15.1 126 4.1 1.7
60 0.9 12.8 113
61 0.6 2.7 1.8 9.5 80
62 1.1 3.4 2.7 1.9 100
63 1.1 1.8 100 4.3 1.8

Rc 1.1 2.8 2.1 10.2 3.0 1.9 101 4.2 1.9
SD +0.5 +0.4 +0.2 +3.1 +0.2 +0.1 +23 +0.4 +0.2

Daily chamber concentrations were determined by the mean of 3 two-hour
samples taken during the day.

aMNAD =mass median aerodynamic diameter
bag- geometric standard deviation

C~ean values from day 1 through day 63
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data show that rats exposed to the highest level of SY/SG dye gained weight at

a significantly slower rate than controls, with female rats showing a p
difference in weight gain earlier than male rats. At the end of the 90-day

exposures, high level exposed rats weighed approximately 7% less than control

animals. However, after the 30-day post-exposure recovery period, there were

no statistically significant differences in the weights of female rats among

the four groups, while those of male rats exposed to the highest level of

SY/SG dye remained significantly lower than male control animal weights.

LunQ Content of 01 and TA After Exposure to SY/SG Dye

At the end of the 3-month exposure, six rats (3 males and 3 females)

from eact chamber were sacrificed. Following each sacrifice, lungs were

removed, homogenized in acetonitrile, the homogenate centrifuged, and the

supernatant removed. The tissue pellet was then re-extracted with

acetonitrile until no more dye was removed. The pooled acetonitrile extracts U
were analyzed for the major chemicals in the SY/SG dye mixture

[2-(2'-quinolinyl)-l,3-indandione (QI) and 1,4-di-p-toluidinoanthraquinone

(TA)] by high pressure liquid chromatography. Conditions were: S
- reverse phase C18 column, 25 cm x 4.6 own.18"

- mobile phase; 9:1 acetonitrile:water to 100% acetonitrlle gradient

in 10 min, hold at 100% for 10 minutes

- flow rate, 1 mL/mni

- detection: UV at 435 and 620 nm

Data in Table 17 indicate that virtually no Q1 remained in the lungs of rats

sacrificed the day after the last day of exposure. However, in these same

animals, approximately 19% of the calculated amount of TA that would have

deposited in lungs during these exposures was found in lungs at every exposure

level (Table 18).

50



Table 17

Lung Content of 01 and TA After the 90-Day

Inhalation Exposure to SY/SG Dye Mixture

Aerosol Lung Concentration
Concentration (ug/q Lung ± SE)

(mg/m3) 3L TA

Male

Control nd a < 0.15

1 nd 43 + 4

10 nd 480 + 20

100 nd 3400 + 50

"Female

Control nd < 0.18

1 nd 39 + 2

10 nd 370 + 40

"100 nd 2800 + 200

and=not detected at sensitivity of assay. Samples were
"assayed by high performance liquid chromatography with the

. sensitivity adjusted for the concentration of the TA. At
these sensitivities, the assay would have detected as low
as 0.1 ug O/g lung in the low, 2.0 ug QI/g lung in the
medium and 14 ug QI/g lung in the high level exposed lungs.

r -.
--
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S ~Table 18

I Lung Burden of TA After a 90-Day

Exposure to SY/SG Dye Mixture I
Calculated*

" Aerosol Lung Burdens Amount
Concentration Mean + SE (n w 3) Deposited Percent

3"-mcJL/m3) (mg/Lung) (mg/Lunil} Retained

- Male

1 0.06 + 0.003 0.32 19 + I

10 0.68 + 0.03 3.2 21 + 1

100 5.70 + 0.08 31.8 18 + 4

Female

1 0.04 + 0.001 0.24 17 + 1

10 0.41 + 0.05 2.4 17 + 2

100 3.86 + 0.34 23.8 16 + 3

I. .-.

*Assuming 63 6-hr exposures, 200 mL minute vol for males and 150 mL for

females, 10% lung deposition, and 70 percent of SY/SG is TA.

5.
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In addition, 8 other groups of 6 rats (3 males and 3 females) were

Ssacrificed 3. 7, 14. 30, 60, 90, 160 and 230 days after the last day of

exposure and lungs were analyzed for SY/SG dye components. Again, virtually

no 01 was detected, but the quantity of TA found in lungs was significant at

each of these post-exposure sacrifice times (Table 19 and Figure 1). This

.* indicates that TA clears from lungs at a much slower rate than Q1.

Respiratory Function

Respiratory function data from measurements of rats before exposures,

i"mmediately after exposures and 30 days after exposure; to SY/SG dye were

analyzed by analysis of variance and comparison of the mean of each (low,

medium and high) treated group to that of controls using the Student's t-test

° . and the eonferroni adjustment for multiple comparisons. A probability level

of P < 0.05 was used as the criterion for statistical significance of all

comparisons. The results are summarized in Tables 20-22. Not all variables

measured are listed; data for body weight and the variables reflecting the

"- major facets of respiratory function are presented. There were 16 rats per

* • group before exposure and 14-16 at subsequent measurement times. The rats

"- measured after exposure were the same as those measured before.

* . There were no significant differences between pre-exposure data from
4-.

control or treated rats (Table 20). There were no physiologically meaningful

* : differences between respiratory function of treated and control rats at the

end of exposure (Table 21). As reported in Table 16, there was a dose-related

h • trend toward lower body weights for treated rats than for controls, and the

S-" same trend was observed among the respiratory function groups. Since there
4 . "

ew re no significant differences among non-normalized function data between

L• treated and control rats. there was a tendency for the weight-normalized
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Table 19 3
Lung Retention of TA at Various Times After the 90-Day 3

Exposure to SY/SG Dye Mixture

Days After Total Lung Content of TA in mg a

Exposure Male Female

0 5.7 + 0.1 (100) 3.9 + 0.3 (100)

3 5.3 + 0.6 (93) 3.6 + 0.4 (92)

7 5.8 + 0.8 (102) 3.9 + 0.2 (100) .1.

14 6.1 + 0.5 (107) 3.6 + 0.2 (92)

30 5.9 + 0.2 (104) 3.3 + 0.4 (85)

60 3.6 + 0.4 (63) 3.4 + 0.3 (87)

90 3.3 + 0.5 (58) 2.8 + 0.4 (172) I

160 3.9 + 0.5 (69) 2.6 + 0.1 (66)

230 3.6 + 0.5 (6?) 2.1 + 0.1 (55)

aMeans + SE (n = 3). Numbers in parentheses are the percent of
O-day values.
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values to be higher in treated rats. This trend only reached statistical

~ significance for CO diffusing capacity/kg (not shown). There was little

evidence of impairment of respiratory function at 30 days after the end of

'i exposure (Table 22).

Only one statistically significant (P < 0.05) difference among the

group means was detected by analysis of variance. The CO diffusing capacity

. normalized by alveolar volume was lower in the high level rats than in the

"'" other groups. The diffusing capacity itself was lower than that of controls,

"but only at the P < 0.10 level. There were no trends toward group"

differences in lung volume subdivisions. This maans that there might have

hi been a slight reduction in diffusing capacity (alveolar-capillary gas

exchange) in the high level rats, but it was a combination of slight changes

"*" in opposite directions in two parameters that made the volume-normalized

"j diffusing capacity significantly different. There were no other Indications

of function loss in exposed rats. Therefore, taken with the lack of function

-*. differences seen immediately after exposure, this result does not suggest that

there was a physiologically significant effect of SY/SG dye exposure on

* • respiratory function in this 90-day exposure study.

•- Lung Biochemistry

Bronchoalveolar lavage fluid (BAL) was analyzed for indicators of injury

after 6 and 13 weeks of exposure and after 30 days of recovery from the

exposure. These results are summarized in Table 23. The data indicate an

inflammatory responce only in the lungs of rats exposed to the highest

3
..* concentration (100 mg/m ). The inflammatory response was present after 6

weeks of exposure and, based on BAL analysis, did not appear to worsen by 13

-; weeks. Analysis of BAL from rats one month after the end of the exposure
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indicated that the inflammation was still present in the rats exposed to the

SI high concentration of SY/SG (Table 23). This is not suprising, since the SG

portion of the dye had not cleared from the lung at this time (Table 19).

Lung tissue and lavage fluid proteilnolytic activities were also measured

in control rats and rats exposed to SY/SG dye aerosols. Acid proteinase

activity was higher at the highest dose level after 90 days exposure to green

-." dye (Table 24). This change was still present after 30 days recovery (Table

25). The increased activity was related to cathepsin D and probably

associated with mdest inflammation. Neutral proteinase activity'tended to be

increased at the same times, however, these data are extremely variable and

L r thus significance, if any. cannot be defined.

Lung Connective Tissue Biochemistry

The collagen contents of bronchoalveolar fluid and of lung tissue were

p h determined at the end of the 90-.day exposure (Table 26) and after a 30-day

"recovery period (Table 27). Total lung collagen was not affected by exposure

to SY/SG dye mixture. Lavage fluid collagen was increased after 90 days of

exposure to the highest two levels of SY/SG dye mixture, suggesting that there

was an increased turnover of the extracellular collagenous matrix. However,

"after 90 days of exposure and a 30-day recovery period, no differences were

noted in rats exposed to he highest two levels of SY/SG dye mixture. The low

level of green dye exposure did nct affect rat lavage fluid collagen at any

time.

"- ~..Hematology and Serum Clinical Chemistries

Hematology and clinical chemistry measurements were made on 12 control

rats and 12 rats at each concentration at the end of the 90-day exposure
-a

' L (Table 28) and after a 30 day recovery period (Table 29). Results showed

slight changes in inorganic phosphorous which were not dose related. Parallel
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I
Table 24

Lung and Lavage Fluid Proteinolytic Activity in

Rats Exposed to SY/SG Dye for 90 Days

ma protein released/hr/a lunga I
Lung Tissue: Control Low Medium High

Total Acid Proteinase 13.0 + 1.0 13.0 + 1.0 11.2 + 0.6 16.2 + 0 .8 b
Cathepsin Dd 8.1 ± 0.5 8.9 ; 0.7 7.8 + 0.5 10.7 o 0 . 4 b
Cathepsin Be 4.9 ± 0.7 4.1 + 1.0 3.4 - 0.5 5.4 + 0.8

Total Neutral Protelnase 1.3 + 0.1 1.7 + 0.1 0.8 + 0.1' 1.5 + 0.1
Macrophage

Elastasef 0.4 + 0.1 0.5 + 0.1 0.1 + 0.2 0.1 + 0.1
Cathepsin G & Neutrophil

Elastaseg 0.9 + 0.1 1.1 + 0.1 0.8 + 0.1 1.3 + 0 .1 b
U

Lavage Fluid:

Total Acid Proteinase 1.2 + 0.5 1.2 + 0.4 1.2 + 0.3 1.7 + 0.3
Cathepsin 0 1.3 + 0.5 0.7 + 0.2 1.1 + 0.3 1.4 + 0.2
Cathepsin B NOc 0.5 + 0.3 0.2 + 0.4 0.3 + 0.2

aMean + SE; (N - 8). No differences were noted in lung weights among the
different exposure groups.

bp < 0.05 in Student-t statistic; corrected for 3 comparisons.
CND-= none detected
dnot inhibited by leupeptin m
einhibited by leupeptin
finhibited by 1.10 phenanthroline
gnot inhibited by 1,10 phenanthroline
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Table 25

i Lung and Lavage Fluid Proteinolytic Activity in Rats Exposed

to SY/SG Dye for 90 Days After the 30 Day Recovery Period

q. mqg protein released/hr/g lunga

Lung Tissue: Control Low Medium High

- Total Acid Proteinase 8.3 + 0.7 9.5 + 0.7 9.5 + 0.5 12.1 + 0 . 8 b
"Cathepsin D• 6.7 + 0.5 8.0 + 0.6 8.9 0- O 5b 11.0 + 0. 6 b
Cathepsin Bd 1.5 + 0.6 1.5 +_ 0.4 0.6 + 0.2 1.1 + 0.4

Total Neutral Proteinase 0.6 + 0.1 1.0 + 0 . 1g 1.1 + 0 .1g 1.2 + 0.19
"Mac rcphage

Elastasee 0.2 + 0.1 0.4 + 0.1 0.5 + 0.1b 0.4 + 0.1
S. Cathepsin G & Neutrophil

Elastasef 0.4 + 0.1 0.7 + 0.1 0.6 + 0.1 0.9 + 0.1b

Lavage Fluid:

Total Acid Protelnase 1.4 + 0.8 1.7 + 0.3 1.4 + 0.4 1.6 + 0.1
Cathepsin D 0.7 + 0.1 1.1 + 0.2 0.9 i 0.3 1.4 + 0.1

* Cathepsin 8 0.7 + 1.0 0.6 + 0.3 0.5 + 0.4 0.4 + 0.2

• Maean + SE; (N - 8). No differences were noted in lung weights among the
different exposure groups.

bp < 0.05 in Student-t statistic; corrected for 3 comparisons.
Cnot Inhibited by leupeptin
dinhibited by leupeptin
einhibited by 1,10 phenanthroline
fnot inhibited by 1.10 phenanthroline
gwithin the range of historical controls (0.2-2.5 mg protein released/hr/g

lung)
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Table 26

Lavage Fluid and Lung Tissue Collagen for Rats

Exposed to SY/SG Dye for 90 Days

(x+ SE, n ,6-8)

Lavage
Fluid Total Lung

Collagen Collagen
(uq/_q)* ______"-

Control 30 + 4 20 + 2

Low 17 + 6 20 + 3

Medium 48 + 4** 16 + 3

High 57 + 6** 17 + 2

*Normalized to grams of lung weight. No differences
were noted in lung weights among the different
exposure groups.

**P < 0.05 In Student-t test. Critical t-values
were corrected for 3 comparisons.
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t• Table 27

Lavage Fluid and Lung Tissue Collagen for Rats

Exposed to SY/SG Dye for 90 Days and Allowed to Recover for 30 Days

(X + SE. n =6-8)

Lavage
Fluid Total Lung

Collagen Collagen
-"/ *(to/q)*

Control 33 + 5 16 + 1

Low 23 + 7 17 + 2

Medium 31 + 5 17 + 2

High 43 + 5 16 + 2

*Nor'malized to grams of lung weight. No differences
were noted in lung weights among the different
exposure groups.

LA
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Table 28 I
Clinical Pathology Values in Rats After 90 Day Exposure to SY/SG Dye

(X + SE; n - 11-12)

Biochemistry: Control Low Medium ,- tgh

Alkaline 88 + 5 78 + 2 77 + 3 61 + 2*
Phosphatase (lU/L)

SGPT 54 + 8 54 + 9 44 + 3 40 + 4
(lU/L)

Total Bilirubin 0.22 + 0.02 0.24 + 0.02 0.23 + 0.02 0.30 + 0.04
(nmg/dL)

Cholesterol 71 + 7 58 + 5 83 + 11 123 + 23*
(mg/dL)

Thyroxine 3.4 + 0.3 3.9 + 0.2 4.0 + 0.6 3.3 + 0.1 V
( 1ag/dL) ,

Glucose 187 + 8 220 + 13* 260 + 21* 270 +23*
(mgJ/dL)

BUN 21 + 1 2' + 1 22 + 1 22 + 1
(mg/dL)

Creatinine 0.58 + 0.02 0.61 + 0.02 0.61 + 0.02 0.63 4 0.02
(mg/dL)

Inorganic 5.0 + 0.3 5.5 + 0.2 6.5 + 0.6* 6.1 + 0.4*
Phosphorus
(mgldL)

Calcium 10.4 + 0.1 10.9 + 0.1 11.0 + 0.1 11.9 + 0.3
(mg/dL)

Total Protein 6.3 • 0.1 6.8 + 0.1* 6.9 + 0.2* 7.2 + 0.2*
(g/dL)

Albumin 4.0 + 0.1 4.5 + 0.1* 4., + 0.1* 4.8 + 0.1*
(g/dL)

Gamina Glutamylrranspept tdease
( eU/L) No Significant Activity Detected

*Value differs from control at P < 0.05 111 Students' t-test. Critical
t-values were corrected for 3 comparisons.

66 mI

-.' - . - . .. . .-- . -- ' - oL _ -. ,• _ . .- - . . . , . ,-" a -t. - . . . - - •



*" Table 28 (continued)

I• Clinical Pathology Values in Rats After 90 Day Exposure to SY/SG Dye

(X +_ SE; n - 11-12)

I He•ntoloQy: Control Low Medium High

RBC 7.8 + 0.1 7.7 + 0.1 7.8 + 0.2 7.7 + 0.2
(10 6 /mm3 )

". Hematocrit () 42 + 1 41 + 1 42 + 1 42 +1

"Hemoglobin 14.8 + 0.1 14.8 + 0.2 14.7 1 0.2 '14.8 + 0.1
• " (g/dL)

. Mean Corpuscular 54 + 1 54 + 1 54 + 1 54 + I
Volume (pm 3 )

Mean Corpuscular 35.0 + 0.4 36.0 + 0.3 35.0 + 0.3 35.5 + 0.3
Hemoglobin
"Concentration (%)

l WBC 6.2 + 0.5 5.4 + 0.4 4.5 + 0.6 4.8 + 0.5
(103 /mm3 )

Neutrophils 1.1 + 0.2 1.1 + 0.1 1.0 + 0.1 1.4 + 0.1
, .- (10 3 /rum3 )

Lym hoc~tes 4.8 + 0.3 4.3 + 0.3 3.4 + 0.5 3.3 + 0.3

Eosinophils <0.1 <0.1 <0.1 <0.1
(10 3 /mm3 )

Basophils <0.1 <0.1 <0.1 <0.1
I ,, (10 3 /=m3 )

Monocytes <0.1 <0.1 <0.1 <0.1
(10 3 /vmi 3 )

s83nded Neutrophils <0.1 <0.1 <0.1 <0.1
(10

3 /mm3)

NRBC <0.1 <0.1 <0.1 <0.1
(10 3 /ram 3 )

LA *Value differs from control at P < 0.05 in Students' t-test. Critical
=_ t-values were corrected for 3 comparisons.
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Table 29 U
Clinical Pathology Values in Rats After 90 Day Exposure j

to SY/SG Dye and Allowed to Recover for 30 Days

(x + SE; n w 12) I

Biochemistry: Control Low Medium High

Alkaline 85 + 2 74 + 3 74 + 5 72 + 6
Phosphatase (fU/L)

SGPT 42 + 2 47 + 5 39 + 3 '39 + 2.-
(lU/L)

Total Bilirubin 0.28 + 0.01 0.32 + 0.02 0.30 + 0.03 0.26 + 0.02
(mg/dL)

Cholesterol 74 + 6 71 + 7 70 + 7 75 + 7
(mg/dL)

Thyroxine 1.77 + 0.11 1.77 + 0.15 1.70 + 0.17 2.71 + 0.19
(jig/dL)

Glucose 220 + 10 220 + 10 210 + 20 230 + 10
(mg/dL)

BUN 22 + 1 22 + 1 22 + 1 23 + I
(mg/dL)

Creatinine 0.54 + 0.02 0.59 + 0.02 0.58 + 0.01 0.58 + 0.02
(mg/dL)

Inorganic 5.3 + 0.3 5.1 4 0.3 5.2 + 0.3 5.9 + 0.3
Phosphorus
(mg/dL)

Calcium 12.1 + 0.3 11.8 + 0.2 11.8 + 0.4 12.4 + 0.2
(mg/dL)

Total Protein 6.6 + 0.1 6.5 + 0.1 6.7 + 0.2 6.9 + 0.1
(g/dL)

Albumin 4.3 + 0.1 4.4 + 0.1 4.4 + 0.1 4.5 + 0.1
(g/dL)

Gamma Glutamyl No Significant Activity Detected
Transpeptidease U
(]U/L)
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Table 29 (continued)

Clir'cal Pathology Values in Rats After 90 Day Exposure

to SY/SG Dye and Allowed to Recover for 30 Days*

(X + SE; n - 12)

Hematolog•. Control Low Medium High

" RBC 8.1 + 0.2 8.0 + 0.2 8.3 + 0.1 8.3 + 0.3
"(106 /mm3 )

"' Hematocrit (%) 44 + 1 43 1 44 + 1 ' 44 +

Hemoglobin 15.0 + 0.1 15.2 + 0.1 15.3 + 0.2 15.5 + 0.2
(g/dL)

Mean Corpuscular 54 + 1 54 + 1 53 + 1 53 + 1
Volume (umrn)

Mean Corpuscular 34.6 + 0.3 35.4 + 0.2 34.7 + 0.2 35.8 + 1.0
Hemoglobin

i Concentration (%)

WBC 5.4 + 0.6 4.9 + 0.4 3.7 + 0.3 4.6 + 0.5
(103 /mm3 )

"Neutrophils 1.6 + 0.7 0.9 + 0.1 1.0 + 0.2 1.3 + 0.3
(10 3 /amm 3 )

Lym nhoc~tes 4.1 +_ 0.3 3.9 + 0.3 2.6 + 0.2 3.3 + 0.2( 109/mm)

Eos nophils <_0.1 <0.1 <0.1 <0.1( 103/mm3)--

Basophils <_0.1 <0.1 I0.1 <0.1
(10 3 /mm3 )

Monocytes <0.1 <0.1 g0.1 <0.1
(10 3 /mm3 )

Banded Neutrophils <0.1 <_0.1 <0.1 <0.1
"(103 /mm3 )

NRBC <0.1 <0.1 _0.1 <_0.1
(10 3 /mm3 )

*There were no significant differences between treated and control groups at
P <0.05.
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and slight changes in albumin and total protein appeared to be dose related. I
Cholesterol was Increased only at the highest dose. Glucose showed the

largest change of the parameters examined and this was a dose related

increase. The cause of these changes is unknown, but appears to have little

clinical significance in light of the normal BUN, creatinine and SGP1 levels

indicating normal kidney and liver function. Serum electrolytes (sodium,

potassium and chloride) were not analyzed because an insufficient volume of

serum was obtained.

No significant differences were seen in any of the measured tlinical

chemistry endpoints between each group of dye exposed rats and control animals

30 days after the last day of exposure. Thus, the serum biochemistry changes

that were observed immediately following the 90-day exposures to SY/SG dye

(Table 28) were apparently reversible during this 30-day post-exposure

recovery period (Table 29).

Histopatholoqv

Ten males and ten females from each exposure and time were sacrificed by

intraperitoneal injections with T61 and examined for gross lesions. Routine

parafin embedded, 5 micron, hematoxylin and eosin stained slides from the

following tissues were prepared for all animals: skin, tracheobronchial lymph

node, popliteal lymph node, spleen, femur, larynx, nasal cavity (four levels), .

trachea, lung (four lobes), heart, stomach, duodenum, cecum, colon, liver,

pancreas, kidneys, urinary bladder, epididymis, testis, prostate, uterus,

ovary, adrenal, thyroid, brain, pituitary, eyes, and any gross lesions.

Microscopic evaluation was performed on all of the listed tissues from the

control and high dose groups. Tissues from the lower levels were evaluated to

determine a no-effect level for each tissue having a treatment-related

70
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effect. Histopathologic evaluation of tissues from animals exposed to SY/SG

rn was done at Experimental Pathology Laboratories. Inc., Herndon, VA, by Dr.

Deborah Banas. Diplomate ACVP. The following is a summary of the findings.

The complete histopathology report for this 90-day SY/SG exposure study can be

found in Appendix II.

Ninety-Day Exposure

3SInhalation of SY/SG dye mixture at 100 mg/mr six hours/day, five

*q days/week for 13 weeks resulted in changes in the lungs, nasal cavity.

tracheobronchial lymph nodes, kidneys, and liver. In the lungs, slight to

moderate accumulations of foamy appearing alveolar macrophages containing

minimal to slight amounts of pigment were noted in the alveoli adjacent to the

respiratory bronchioles in all high dose rats. These accumulations of

alveolar macrophages were accompanied by slight to moderate hyperplasia of

k Type II cells (granular pneumocytes). In the nasal cavity, submucosal piyment

deposition was noted at most levels of the nasal cavities of nearly all high

dose rats. The pigment deposition was heaviest at Level III and Level IV.

(Level I is the most anterior portion of the nasal cavity and Level IV is the

"* most posterior. Level IV is mainly olfactory tissue.) In the

"tracheobronchial lymph node, hyperplasia of foamy macrophages

(reticuloendothelial cells) with minimal pigment deposition and slight to

moderately severe lymphoid hyperplasia were present. In the kidneys, an

increase in granular pigment present in the cortical tubules was noted in all

high dose rats. In the liver, minimal granules of pigment were noted in the

. Dbile duct epithelilum or hepatocytes adjacent to the bile ducts in all high

dose rats.
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3
In the rats exposed to SY/SG mixture at 10 mg/m3. only lung, nasal I

cavity, tracheobronchial lymph node, liver, and kidneys were examined.

Minimal lung lesions similar to those noted in the high dose rats occurred in

three males and three females. The lesions were single lesions and tended to

be at the margins of the lung lobes. In the nasal cavity, minimal submucosal

pigment was noted at Level III in one male and four females, and at Level IV

in two females. In tracheobronchial lymph nodes, hyperplasla of foamy

macrophages with minimal pigment depostion was noted in two males and two
females. Lymphoid hyperplasia was noted in an additional male. Pigment

deposition in the kidneys was comparable to the controls. In the liver,

minimal granules of pigment were noted in two femalei.

- In the rats exposed to SY/SG dye mixture at 1 mg/m3, the lungs and

nasal cavities from both sexes were examined. The livers from females were

also examned. No compound-related histomorphologic alterations were noted in

any of these tissues.

The pigments in the tissues of the exposed rats are similar to the

pigments seen after exposure to SY dye alone.
pm

Thirty-Day Recovery

3Inhalation of SY/SG dye mixture at 100 mg/m3 for 90 days followed by a

30-day recovery period resulted in lung lesions similar to those noted after

90 days, but marginally less severe. Additionally, in the lungs, a few of the

foamy macrophages containing pigment were present in the peribronchial

lymphoid cuffs, a feature not present after 90 days exposure. In the nasal

cavity. submucosal pigment deposition was present at most levels in nearly all

i1gh dose rats, but appeared to be slightly less severe than was not*ed afte"

90 days. In the tracheobronchial lymph nodes, hyperplasia G1 foamyt

JbJ -- A - ' -
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macrcphages containing a minimal amount of pigment was slightly more severe

U. than was noted after 90 days exposure. The extent of lymphoid hyperplasia was

similar to that at the end of exposure. In the kidney tubules, the increased

•: 3 tubular pigment was less severe than was noted after 90 days. In the liver,

pigment deposition in the bile duct epithelium was comparable to that noted

- after 90 days exposure.

In the rats exposed to SY/SG dye mixture at 10 mg/m3 for 90 days

- followed by a 30-day recovery period, only lung, nasal cavity,

*i tracheocronchial lymph node, liver and kidneys were examined. Les?'ons similar

to those noted at this level after 90 days exposure were present. Minimal

,• lung lesions were noted in two rats of each sex and submucosal pigment

deposition was noted in the nasal cavity of single rats of each sex at Level

-] II, six males and five females at Level Ill. and two males and six females at

Level IV. Lymphoid hyperplasia was present in the tracheobronchial lymph node

of one male, but hyperplasia of foamy macrophages was not present in any of

- the lymph nodes examined. Pigment was noted in the kidneys and was comparable

to that of the controls. Thus, this does not appear to be exposure related.I.
No pigment deposition was noted in the liver.

- No compound-related histomorphologic alterations were noted in the lungs

"and nasal cavities of rats exposed to 1 mg/mr3 for 90 days followed by a

. 30-day recovery period.

Spontaneous disease lesions and incidental findings such as

nonsuppurative myocard'tis, testicular atrophy, pkostatitis. and nematodiasis

. occurred in a few rats in both control and treated groups at both sacrifice

intervals. These lesions were distributed with approximately equal frequency

"�" in test and control rats, and thus were not exposure related (see Appendix I1).
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SUMMARY OF THE 90-DAY REPEATED I
INHALATION EXPOSURE OF RATS TO DYE AEROSOLS j

Nale and female F344 rats were exposed by inhalation to 1.0 1 0.2.

10.8 ± 1.8 or 100 ± 17 mg/m3 (mean t SD) of SY dye aerusol for 6

hr/day, 5 days/wk for a period of 90 days. The average particle size of these

aerosols ranged from 2.1 to 4.0 pm (mass median aerodynamic diameter).

Following exposures, lung concentrations of QI were measured, which indicated

that very little SY dye was retained in lungs and thus the amount deposited

had cleared at a very rapid rate. Exposed animals were also evaluated for

changes in respiratory function, biochemical indications of lung tissue

damage, changes in blood chemistries, and histopathological lesions. At the

end of the exposure, both male and female rats exposed to the highest

concentration of SY dye had slightly, but statistically significant lower body

weights than control animals. These lower body weights of male rats exposed

to the highest concentration of SY returned to control values during the

30-day recovery period, while those of female rats did not. Exposure-related

histopathological lesions in rats exposed to the highest concentration of SY

3
dye (100 mgn/m ) consisted of pigment deposition in the nasal cavity, liver,

and kidney. In the lungs, accumulation of foamy alveolar macrophages

containing minimal pigment was noted in one male. After a four-week recovery

period, the amount of pigment deposited was slightly decreased. Minimal lung
3

lesions were noted in two rats. Exposure of rats to 10 mg/mr of SY dye did

not result in lesions. Only pigment deposition in the nasal cavity was noted

and to a much lesser degree than was noted at the high dose exposure. After a

four-week recovery period, the pigment deposition in the nasal cavity was

74
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still present. No compound-related histomorphological changes were seen in

j the tissues examined from rats exposed to 1 mg/m3 of SY dye. No other

"toxicologically significant effects were observed in exposed animals as

•" compared to control rats. Therefore, the no-observable-adverse effects level

for SY dye inhalation exposures was 10 mg/m3 for this particular exposure

regime.

Male and female F344 rats were also exposed by inhalation to 1.1 1

0.5, 10.2 ± 3.1 or 101 ± 23 mg/m3 (mean ± SO) of SY/SG dye aerosol for

6 hr/day. 5 days/wk for a period of 90 days. The average particle'size of

these aerosols ranged from 2.8 to 4.2 pm (mass median aerodynamic

,• diameter). After exposures, the SY portion of this dye mixture (QI) cleared

from lungs at a rapla rate, but substantial amounts of the SG portion of this

"dye mixture (TA) remained in lungs for an extended period after the exposure.

As in the 90-day exposure study to SY dye, rats exposed to the highest

concentration of SY/SG dye mixture gained weight at a slower rate than the

"" other experimental groups of animals. However, after the 30-day post-exposure

period, only females returned to control body weight values. Analysis of

bronchoalveolar lavage fluid indicated an inflammatory response only in the

3*i•. lungs of rats exposed to the highest concentration of SY/SG dye (100 mg/mr),

which was present after 6 weeks of exposure, did not worsen after 13 weeks of

exposure, and was still present after the 30-day recovery period. Increased

acid proteinase in the highest two exposure levels at the end of exposure

suggested an inflammatory response. However, after 30-day post-exposure

gl ," period, only the highest exposure level was still increased, suggesting a

gradual reduction in severity over time. Exposure-related histopathological

lesions in rats exposed to the highest concentration of SY/SG dye (100

75
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I
3Img/mr ) consisted of accumulations of foamy alveolar macrophages containing

minimal amounts of pigment in the lungs. These accumulations were accompanied

by hyperplasia of Type 11 pneumocytes. Similarly, foamy macrophages with

pigment had accumulated in the tracheobronchial lymph nodes. Pigment

deposition was noted in the nasal cavity, liver, and kidney. After a 30-day

recovery period, these lesion; were decreased in severity with the exception

of foamy macrophages in the tracheobronchial lymph nodes which were slightly

3
increased. Exposure of rats to 10 mg/rm of SY/SG dye resulted in minimal

lesions In the lungs and tracheobronchial lymph nodes of a few rats and

pigment deposition in the nasal cavity to a much lesser degree than was noted

at the high dose exposure. After a 30-day recovery period, these minimal

lesions were essentially unchanged. No compound-related histomorphological

3
changes were seen in the tissues examined from animals exposed to 1 mg/m3 of

SY/SG dye mixture. Therefore, the no-observable-adverse effects level for

3SY/SG dye inhalation exposures was I mg/mr
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GLOSSARY

Green component of yellow/green dye: green dye, solvent green, SG

Major compound in yellow dye: 2-(2'-qutnolinyl)-l,3-indandione, Q1

Major compound in green dye: 1.4-di-p-toluidinoanthraquinone, TA

S.'. Stock yellow dye: yellow dye "-lvent yellow, SY

Stock yellow/green dye: yellow/green dye mix, SY/SG
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LOVELACE PROJECT NUMBER RZ-79

13 WEEK AND 17 WEEK INHALATION STUDY ON
SOLVENT YELLOW DYE

PATHOLOGY SUMMARY

A histopathologic evaluation of selected tissues from male and

female rats exposed to Solvent Yellow Dye was conducted to, provide

information on the Inhalation toxicity of dyes present in colored smoke

munitions. The experimental design for this study was as fellows:

Number of Animals
13-Week Sacrifice 17-Week Sacrifice

Group Concentration Males Females Males Females

C Control 10 10 10 10
L Low Exposure Concentration 10 10 10 10
M Medium Exposure

Concentration 10 10 10 10
H High Exposure Concentration 10 10 10 10

According to protocol, routine hematoxylin and eosin stained .

slides from the following tissues were prepared for all animals: skin,

tracheobronchial lymph node, popliteal lymph node, spleen, femur,

larynx, nasal cavity (four levels), trachea, lung (four lobes), heart,

stomach, duodenum, cecum, colon, liver, pancreas, kidneys, urinary

bladder, epididymis, testis, prostate, uterus, ovary, adrenal, thyroid,

brain, pituitary, eyes, and any gross lesions. Microscopic evaluation

was performed on all of the listed tissues from the control and high

dose groups. Tissues from the lower levels were evaluated to determine

a no-effect level for each tissue having a treatment-related effect.

I.I
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In general, the tissues called for to be examined by protocol

are represented in the Histopathology Incidence Tables. Only a few

tissues were inadvertently missed at the time of necropsy or lost during

istologic processing. In some instances, the posterior portion of the

N..nasal cavity had been damaged and complete sections of four levels of

* the nasal cavity could not be obtained.

Microscopic findings for each tissue examined from each animal

hi are listed In the Histopathology Incidence Tables. All lesions are sum-

marized by treatment groups in the Summary Incidence Tables together

with the total number of anima%- in each group for which the tissues

wu.re examined. A tabulation of gross lesions observed at the time of

necropsy with the corresponding microscopic change, if appropriate, is

.-. given in the Correlation of Gross and Microscopic Findings Tables. The

des:,riptions of gross findings on these tables were transcribed from the

Individual Anirmal Necropsy Sheets prepared at the time the necropsies

were performed.

RESULTS

13-Wee'- Sacrifice

Inhalatio, of Solvent Yellow Dye at the high exposure con-

centration for 13 weeks resulted in submucosal pigment deposition in

the nasal cavity of all rats. The pigment deposition was heaviest at

Level III and Level IV. In the kidneys, an increase in granular pigment

located in the cortical tibules was noted in all high dose rats. In

the Wmle rats, there vas also an increase in the incidence of lesions

"-2-
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-characteristic of early chronic nephropathy, namely foci of regenerative

tubular epithelium, casts, and foci of mononuclear cells. However,

these lesions are commonly noted in rats of this age and strain and were

only minimal to slight in severity. In the liver, minimal to slight

granules of pigment were noted In the bile duct epithelium or hepatocytes

adjacent to the bile duct in all high dose rats. In the lung, minimal

focal accumulations of foamy appearing alveolar macrophages containing a

minimal amount of pigment were noted in the alveoli adjacent to the

respiratory bronchioles in one male. This lesion was accompanied by

minimal hyperplasia of Type II cells (granular pneumocytes).

In the rats exposed to Solvent Yellow Dye at the medium -

exposure concentration, only nasal cavity, lung, liver, and kidneys were

examined. In the nasal cavity, minimal submucosal pigment was noted at

Level III in three males and two females, and at Level IV in five males ml
and seven females. Pigment deposition in the kidneys was comparable to

the controls. In the liver, minimal granules of pigment were noted in

two females. No lesions attributable to treatment were noted in the

sections of lung examined.

In the rats exposed to Solvent Yellow Dye at the low exposure

concentration, the nasal cavity was examined from both sexes; the liver

was also examined from the females. No compound-related histomorpho- -

logic alterations were noted in either of these tissues.

17-Week Sacrifice

Inhalation of Solvent Yellow Dye at the high exposure con-

centration for 13 weeks followed by a four-week recovery period resulted

-3- M
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-! -in submucosal pigment deposition in the nasal cavity of all rats. This

pigment deposition was heaviest at Level III and Level IV and was

slightly less severe than was noted at the 13-week sacrifice. In the

kidney tubules, increased tubular pigment was noted and appeared to be

less severe than that noted at the 13-week sacrifice. The incidence of

ehrly chronic nephropathy was comparable to that of the controls. In

the liver, pigment deposition in the bile duct epithelium was comparable

to that noted after 13 weeks exposure. In the lungs, two males had
'i minimal focal accumulations of foamy appearing alveolar macrophages con-

taining a minimal amount of pigment. These accumulations were accom-

panied by minimal hyperplasia of Type II cells (granular pneumocytes).

Ii In the rats exposed to Solvent Yellow Dye at the medium', I.

1 .'," exposure concentration for 13 weeks followed by a four week recovery

period, only nasal cavity, lung, liver, and kidneys were examined. In
. the nasal cavity, minimal submucosal pigment was noted at Level III in

two males and four females and at Level IV in six males and eight

1 "females. Slight submucosal pigment was noted at Level IV in an

, additional male. Pigment deposition in the kidneys was comparable to

the controls. No lesions attributable to treatment were noted in the

lung or liver.

P In the rats exposed to Solvent Yellow Dye at the low exposure

concentration, only the nasal cavity was examined. No compound-related

histomorphological alterations were noted in these sections.

Spontaneous disease lesions and incidental findings occurred

in rats in both control and treated groups at both sacrifice intervals.

14 -4-
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These lesions were distributed with approximately equal frequency in

test and control rats.

CONCLUS IONS

Exposure of rats to Solvent Yellow Dye at the high exposure

concentration for 13 weeks resulted in pigment deposition in the nasal

cavity, liver, and kidney. In the lungs, accumulation of foamy alveolar

macrophages containing minimal pigment was noted in one male. Aft-.r a

four-week recovery period, the pigment deposition was slightly dacreaseU

in severity. Minimal lung lesions were noted in two rats.

Exposure of Solvent Yellow Dye at the medium exposure con-

centration for 13 weeks resulted in pigment deposition in the nasal

cavity to a much lesser degree than was noted at the high dose exposure.

After a four-week recovery period, the pigment deposition in the nasal

cavity was still present. '

Exposure of rats to Solvent Yellow Dye at the low exposure

concentration did not result in any compound-related histomorphologic

changes in the tissues examined.

DEBORAH A. BANAS, D.V.M., M.S.
Veterinary Pathologist

PI
DAB/wk
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QUALITY ASSURANCE
REPORT CERTIFICATION

Lovelace Biomedical and Environ- k
Client Name mental Research Institute, Inc. Client Study No. RZ-79

Study Director Dr. Larry A. Ackerman Pathologist Dr. Deborah A. Banas

Study Title 13 Week and 17 Week Inhalation Study on Solvent Yellow Dye

Test Article Solvent Yellow Dye Species Rats
aw

All parts of the pathology phase of this study, including the final report,

were reviewed by Experimental Pathology Laboratories Quality Assurance Unit

on April 23, 1985 through August 27, 1985 . All findings were reported

to the Study Director and Management.
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SUMMARY INCIDENCE TABLE

:ýAZ-79
13 Week Sacrifice
'4ale Rats

1 vI-E; Group Group G-oup Group

(NASAL CAVITY-LEVEL I

-o. EXAMINED) (10) (10) (10) (10)

Serous Exudate 1

Hemorrhage 2 2 5 2

Submucosal Pi ment Deposition 4

Nonsuppurative Rhinitis I

Hyperplasia of Goblet Cells 1

Suppurative Exudate 1
Inflammation of Nasolacrimal

Duct

1JASAL CAVITY-LEVEL II
,:ND. EXAMINED) (10) (10) (10) (10)

Serous Exudate 1

1.Hemorrhage 1___ _ 13 4 2

Submucosal Pigment Deposition 10

InflaTration of Nasolacrimal
Duct 1

oNonsuppurative Rhinitis
* Cystic Glands

IASAL CAVITY-LEVEL III . .. !

1,.O. EXAMINED) (10) (10) (10) (10)

-Hemorrhage i1 1 1 1

Submucosal Pigment Deposition 10 __ _3
Nonsuppurative Rhinitis __ ___I

Cystic Glands 1 1
: Inflammation of Nasolacrimal

Duct

-" 1-1
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SUMMARY INCIDENCE TABLE

RZ-79
13 Week Sacrifice
Male Rats

Group Group Group Group
C H L M

NASAL CAVITY-LEVEL IV

(NO. EXAMINED) (10) (10) (10) (10)

Serous Exudate 1

Hemorrhage 1 1

Submucosal Pigment Deposition 10 5

LIVER (NO. EXAMINED) (10) (10) (10)

Foci of Mononuclear Cells 5 6 3

Bile Duct Hyperplasia 1 1

Pigment Deposition 10

Infarction

KIDNEY (NO. EXAMINED) (10) (10) (10)

Regpnerative Tubular

Epithelium 3 8 5

Casts 5 9 7

Pigment Deposition 10 10 10

Foci of Mononuclear Cells 4 8 4

Tubular Mineralization

Cyst

LUNG (NO. EXAMINED) (10) (10) (10)

Pigment Deposition 1
Hyperplasia of Type II Cells I

Peribronchial Lymphoid
Hyperplasia 8 9 10

Accumulations of Foamy

Macrophages 1

1-2
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SUMMARY INCIDENCE TABLE

." RZ-79
"0 13 Week Sacrifice

Male Rats

Group Group Group Group
IC H L M

BRAIN (NO. EXAMINED) (10) 1I0)

"PITUjTARY (NO. EXAMINED) . (10) (10)

-- ADRENAL (NO. EXAMINED) (10) (8)

Vacuolated Cortical Cells 1

EYE (NO. EXAM4INED) (10) (10)

Retinal Degeneration 1

ITHYROID (NO. EXAMINED) (10) (10)

[LARYNX (NO. EXAMINED) (10) (10)

Foci of Mononuclear Cells 3

"ITRACHEA (NO. EXAMINED) (10) (10)

Foci of Mononuclear Cells 2

- LYMPH NODE, TRACHEOBRONCHIAL

I(NO. EXAMINED) (10) (10)

Lymphoid Hyperplasia 1

jHemorrhage________________
Pigment Deposition

HEART (NO. EXAMINED) .. ..(10) (10)

"I Nonsuppurative T4ycarditls 3 3 _

Dilatation -__1__

"1-3

EPL _
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SUMMARY INCIDENCE TABLE 3
I

RZ-79
S13 Week Sacrifice

Male Rats

Group Group Group Group
C Hi L M

SPLEEN (NO. EXAMINED) (10) (10)

PANCREAS (NO. EXAMINED) (10) (10)

Focal Acinar Atrophy 1

LYMPH NODE, POPLITEAL ,

(NO. EXAMINED) (10) (10)

Pigment Deposition 2

Lymphoid Hyperplasia

Hemorrhage

STOMACH (NO. EXAMINED) (10) (10)

DUODENUM (NO. EXAMINED) (10) (10)

CECUM (NO. EXAMINED) (10) (10)

Nematodiasis 2 1

COLON (NO. EXAMINED) (10) (10)

Nematodiasis 1... ... ___

SKIN (NO. EXA41NED) (10) (10)

TESTIS (NO. EXAMINED) (10) (10)

EPIDIDYMIS (NO. EXAMINED) (10) (10)

1-4

EPL

- Experimental Pathology Laboratories. Inc. U



SUMMARY INCIDENCE TABLE

:.•Z-79
13 Week Sacrifice
Male Rats

A Group Group Group Group
C H L M

R(OQ. EXAMINED) (10) (10)

kI URINARY BLADDER (NO. EXAMINED) (10) (10)

_-FEMUR (NO. EXAMINED) (10) (10)

1p
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SUMMARY INCIDENCE TABLE

RZ-79
13 Week Sacrifice
Female Rats

Group Group Group Group
C H L M

NASAL CAVITY-LEVEL I

(NO. EXAMINED) (10) (10) (10) (10)

Serous Exudate

Hemorrhage 1 3

Submucosal Pigment Deposition 4

Nonsuppurative Rhinitis 2 2
Hyperplasia of Goblet Cells 1

Suppurative Exudate

Inflammation of Nasolacrimal

Duct

NASAL CAVITY-LEVEL II

(NO. EXAMINED) (10) (10) (10) (10)

Serous Exudate 1

Hemorrhage 2

Submucosal Pigment Deposition 10

Inflammation of Nasolacrimal

Duct
Nonsuppurative Rhinitis 2 1

Cystic Glands

NASAL CAVITY-LEVEL III

(NO. EXAMINED) (10) (10) (10) (10)

-- Hemorrhage

Submucosal Pigment Deposition 10 2

Nonsuppurative Rhinitis

Cystic Glands

Inflammation of Nasolacrimal

Duct _ 1

1-6
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SUMMARY INCIDENCE TABLE

:',,1Z-79
"13 Week Sacrifice
jemale Rats

Group Group Group Group
C H L M

NASAL CAVITY-LEVEL IV

.L(NO. EXAMINED) (10) (10) (10) (10)

Serous Exudate

Hemorrhage

L Submucosal Pigment Deposition 10 7

OLIVER (NO. EXAMINED) (10) (10) (10) (10)

Foci of Mononuclear Cells 4 3 3 6

Bile Duct hyperplasia
P Pigment Deposition 10 2

Infarction

K.,IDNEY (NO. EXA4INED) (10) (10) (10)

i Regenerative Tubular-

I Epithelium
-, -- Casts 1 1

"Pigment Deposition 8 10 10

k Foci of Mononuclear Cells 2 2 2

jTubular Mineralization 10 10 10

Cyst 1

LUNG (NO. EXAMINED) (10) (10) (10)

Pigment Deposition

.Hyperplasia of Type It Cells

*-. Peribronchial Lymphoid

Hyperplasla 10 . . .9 . .. 9

Accumulations of Foamy

I Macrophages ......

1-7

EPL

Experimental Pathology Laboratories. Inc

-- .: -



SUMMARY INCIDENCE TABLE

RZ-79
13 Week Sacrifice
Female Rats

Group Group Group Group
C ! H L M _~f'

BRAIN (NO. EXAMINED) C(0) (I0)

PITUITARY (NO. EXAMINED) (10) (10)

ADRENAL (NO. EXAMINED) (10) (10)

Vacuolated Cortical Cells
'ft

EYE (NO. EXAMINED) (10) (10)

Retinal Degeneration

THYROID (NO. EXAMINED) (10) (10)

LARYNX (NO. EXAMINED) (10) (10)
Foci of Mononuclear Cells 1

TRACHEA (NO. EXAMINED) (10) (10)

Foci of Mononuclear Cells 1

LYMPH NODE, TRACHEOBRONCHIAL

(NO. EXAMINED) (9) (8)

Lymphoid Hyperpl asi a

Hemorrhage 3 3 _ _ __

Pigment Deposition 4 2

HEART (NO. EXAMINED) (10) (10)

Nonsuppurative Myocarditis 2 1

Dilatation

1-8
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SUMMARY INCIDENCE TABLE

•- RZ-79
13 Week Sacrifice
Female Rats

K Group Group Group Group
C H L M

SPLEEN (NO. EXAIMIINED) (10) (10)

PANCREAS (NO. EXAMINED) (10) (10)

Focal Ahinar Atrophy

LYMPH NODE, POPLITEAL

(NO. EXAMINED) (8) (9)

Pigment Deposition 1
Lymphoid Hyperplasia 1

Hemorrhage 1

STOMACH (NO. EXAMINED) (10) (10)

DUODENUM (NO. EXAMINED) (10) (10)

CECUM (NO. EXAMINED) (10) (10)

Nematodi asi s

COLON (NO. EXAMINED) (10) (10)

Nenatodiasis 1

FSKIN (NO. EXAMINED) (10) (10)

UTERUS (NO. EXAMINED) (10) (10) . ..

Dilatation 1 2

OVARY (NO. EXAMINED) (10) (10)

1-9
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SUMMARY INCIDENCE TABLE

RZ-79
13 Week Sacrifice
Female Rats

Group Group Group Group
C H L M

URINARY BLADDER (NO. EXAMINED) (10) (10) ___

FEMUR (NO. EXAMINED) (10) (10)

EPLA
Experimental Pathology Laboratories. Inc -
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HISTOPATHOLOGY INCIDENCE TABLE

zZ-79
N'3 Week Sacrifice Group C4ale Rats

S~3 3 3 3 3 3 3 3 3 3

AN9 9 9 9 9 9 9 9 9 9
• "N U 9 9 9 9 9 9 9 9 9 9

..- M e8 8 8 8 8 8 8 8 8 8
AL

• - 3 3 3 3 3 3 3 3 3 3
0 1 2 3 4 5 6 7 8 9

"-ASAL CAVITY-LEVEL I X X X X X X X X

' Serous Exudate 1
_. . . . . . . . . . .. . . . . . . . .. . . . . ..1. ..3

Hemorrhage -_3___.

Submucosal Pigment Deposition

Nonsuppurative Rhinitis

Hyperplasia of Goblet Cells.

Suppurative Exudate_______

Inflammation of Nasolacrimal

Duct

ASAL CAVITY-LEVEL i1 X X X X X X X

Serous Exudate 1

Hemorrhage . . .... .... ... .. .. 3
Submucosal PigmentDeposition

Inflarrnation of Nasolacrimal

Duct

Nonsuppurative Rhinitis

1.Cystic Glands

..ASAL CAVITY-LEVEL III ... X_.X X X X X X X X

[ .Hemorrhage _ ..-..... 2KSubmucosaL Pigment Deposition . -.

- Nonsuppurative Rhinitis

K!-'-ystic Glands ___..

Inflammation of Nasolacrimal

v ~1 ~Duct .

II-1
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* ~HISTOPATHOLOGY INCIDENCE TABLEI

SRZ-79GruC
13 Week SacrificeGruC

*., Male Rats

A N 9 9 999 99 99 9
%; ~~N U 99 9 99 99 9 99

8B 88 88 88 888 8

_____________________ n IL...LA . s 6 7 a 9

NASALAUY1TiEYELI .x -x -- XX xx x -XX- ..

j Serou~s-xudate_____--L .

uybmijco~s~a Pi-rent Deposition - - - - -

- LIVER X xX x X_

.Jocqi of Mononuclear Cells_ _ 1 1 _1 _1 1 -

Al-iIe D uct -Hyperpla-ia

_Pi qmjentQep~o-sitiofl-.- -.--. . - - - - -

KIDNEY -- . .. .-

_Regenerti ve- Tubul ar

Epith-elium 1 1
Casts________1 11 1 1

Foci of Mononuclear Cells __ 1 1 11
Tubular Mineralization -

Cs

LUNG ~ -X - X

- fjgmen-t-Depos iti n - --

.' .iypgrplasiaof Type 11 Cells

0Z Peribronchial Lymphold
Hjype~glasi a -1 1 1 1 1 1 1 1

Accumulations of_ Foamy_--__ ____

Mac rophages _________________

11-2
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L HISTOPATHOLOGY INCIDENCE TABLE

ý-RZ-79
%-13 Week Sacrifice Group C

Male Rats _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A N 9 99 99 9 999 9

MB 888 8 8 8 88 88

3 3 33 33 33 333
BR0I 012 34 S 6 78 9

A PITUITARY x XX X XX X xX X

I ADRENAL ___x_______x____ XXXXXXXX

Vacuolated Cortical Cells _____1

ýEYE X XX XX X XXX X
* Retinal Degeneration -- ---- -

TP~i~Io __ __ XXX X XX XX X

-: LARYNX ________ X X XX xXX x x

Fc-of- Mononucl ear CellIs

F TRACHEA .X-____________X- X

Foci__of Mononuclear Cells_

.LYMPHNODE TRACHEOBRONCHIAL X- x X. X X X X x X
_.Lyrnphoid _____~ __

emorrhage_ __ - _

'HEART DeposJit1on-.-- --- --

iHER X x x XX X X X
Nonsuppurative M~yocarditis 2 2 1

,J~ilatatio-n -- .- .

11-3
EPLKyPI~~n c ec1,1A-Aj-, '. a at

Experimental Pathology Laboratories, Inc ~ ,: Sev H-p 2: S-co"Ie S-ecl o-Y:ia e



HISTOPATHOLOGY INCIDENCE TABLE

RZ-79
13 week Sacrifice Group C__ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

Male Rats _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A N 9 99 99 99 99 9
N U 9 99 99 9 99 9 9

A E

_____________ XX X XXX XX X X

____FQCIIAdjar At~rophy_ _ _ _- _- -

LYMHNODE~ .POPIJJEAL -X-XXAX X-X-X X-XX
___pi IntDeppsition -

--yphold- Hyperp ___ -. -- - -

Hernorrhage______-- - - - - - - - - ---

JUODE-NUM~ ____ ~XXX.jX. X-x X. X-X X

--V_ __ __ X-.- .- X- X------ X- X - X - . -- - - -

COLON __ XX X_ X_ X X X

Nematodiasis _____P

SKIN K-X X. X -K . X K .X K

TESTIS _ X X XXX XX X X

11-4
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HISTOPATHOLOGY INCIDENCE TABLE

",14Z-79
K'.3 Week Sacrifice Group C
Male RatsS

3 3 3 3 3 3 3 3 3 3
AN 9 9 9 9 9 9 9 9 9 9
NU 19 9 9 9 9 9 9 9 9 9
IM

MB 8 8 8 8 8 B 8 8 8 8g AE

L 1 1 1 1 1 1 1 1 1 I
-'- 3 3 3 3 3 3 3 3 3 3

0 1 2 3 4 5 6 7 8 9
Uo

".-:PIDIDYMIS X_ x x X X X X _X X._ X.

l.ROSTATE X X X X X X X X X X

ItIRINARY BLADDER X X X X X X X XX X X

I FEMuR ......_____X__X_,xX x~xx xx x

-- . _ _ _- _~....................

U R _ X... ...-.. . .. . .. . .. .. .

-- 5

Key P- P'ePrnt N - Nc Selcion A- AJiD,-VS 5 ) - Nr -,kt
I M. Mnma 2 - S. 9'i 3- M:ce ale A - ~~a 1 S.Experimental Pathology Laboratories, Inc 5 se~e-e i -4 I 'cn'pleir Secl-o'



HISTOPATHOLOGY INCIDENCE TABLE

RZ-79
13 Week Sacrifice Group H
Male Rats

A N 0 00 00 00 00 0
NU 0 00 00 00 00 0

L R 1 1 1 1 1 1 1 1 1 1

NASAL CAVITY-LEVEL I X X X X _

* Serous Exudate ___

* Hemorrhage 3 1 .

__ubiwucosalPigmen~t_Depositi~on21 1_1

* Nonsupourative Rhinitis_____

_* HperpLaSia o otletiCells --. ~

SuppVq-ative Exudate

Inflairmation of Nasol-acrimal -

Duct __

NhASAL_-CAV-I TY-LEVEL 11.- --

Senous-Exu4a~te~_ _

I'Ierntrh.1 12 1~ ..

Subriu:.osalipigrentDeposition_ -3- 1_1_ 1 2, 2 2 1 2- 2 .-

-Ilnfljarnatjor-of-iNsolacrimal I

--Nonsuppurtiv-e -Rhini-tis-

_Sys t ic Ga and s

NASAL CAVITY-LEVEL III

.Hemorrhage-- -___---- ....

SubmucosalPigment Deposition 3 3 3 2 3 3 3 3 3 2

Nonsuppurative Rhinitis

__Cystic Glands - -

_ Inflawi-ation of Nasolacrimal.

11-6
* ELKet, P -P, esI N -N:,Se c i' A A.-"
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V HISTOPATHOLOGY INCIDENCE TABLE

..3Z-79
-:,43 Week Sacrifice Group H
"Male Rats

4 4 4 4 4 4 4 4 4 4
AN 0 00 00 0 0 0 00
NU 0 0 000 0 0 0 00
I M
M B 1 1 1 1 1 1 1 1 1 1
A E

- 3 3 3 3 3 3 3 3 3 3
_ _"_ _ 1 2 3 4 56 78 9.

S":JASAL CAVITY-LEVEL IV
) ,- Serous -Exu.d~ate.. . . .. . . . . . . .. .

H . H em o r r h ag e ... . . .._ _. . .. ..

,. Submucosal Pigment Deposition 3 3 3 3 3 4 3 3 3 3

_'-IVER

FocL of Mononuclear Cells 1 1 1 2 1 1
Bile Duct Hyperplasia 2

Pigment Deposition 1 1 1 1 1 1 1 1 1 1

Infarction

K IDNEY

Regenerative Tubular

Epithelium 2_2 _1 2_2 1

Casts 1 2 2 1 1.2 2-2 21

Pigment Deposition 3_3_- -333 3 3 3 33 3 3

* -.:Foci of Mononuclear Cells 1 1 1 1 1 1 1

U Tubular Mineralization

°•.,UNG X_

.- Pigment De posi t tion -_ _

, J-yperplasia of Type I1 Cells .. . .
Peribronchilal Lymnphoid

•'RHyRperplasia ] Il 1 1 1 1 1 1

-LAýccumulations of Foamy ......

•-.jMacrophages 1

11-7
EPL
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-- ' • m 2 -- S ;M3 - v'ne,ale 4- .; 'ae Se~e'e H ;

Experim ental Pathology Laboratories, Inc s5- M ,.a 2 - , Si er 3p'cl. Secl .o .-

iT -~



HISTOPAIHOLOGY INCIDENCE TABLE

RZ-79
13 Week Sacrifice Group H__ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

Male Rats _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A N 0 00 00 00 00 0

M B 1 1 1 1 1 1 1 1 1 1

L A 1 1 1 1 1 1 1 1 1 1

BRAIN X xX-x xXX X-IxX

PITUITARY XXX XX-X X-X-X X. _. _

ADRENAL X X X X N X X XXN_

.. Jcuo aed CoriA cal Cells ____-

EYE_ __ __ _ - 1LX X X. X_ X X X-

Retinal--.X-X DXeerto X_ ____X 3 ----.- --. - -

LAYX X_ XX -- XX _ X X

-TRACHEA X.Xx X.- X .-x X. x .

Fo i-o-M-on-onuc~le~arCellsI- L1

Y!'iH1~DEJRACHEOBRQNCHIAL-XXXXX

--Mphqi-dAyp erp I as i a

_Hemorrhage - __ - -. -

9jgmetDeosition

HEART X.X- X.XX X.X. x
_Nonsup urati ye Moad S-

Dilatation - _ 3.- - -- - . -

Ul-8

Koy P - P, ese n N - No Sec t~on A - A.,tc, s s K ~ ' '?'
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.HISTOPATHOLOGY INCIDENCE TABLE

X RZ-79
13 Week Sacrifice Group H
Male Rats

S4 4 4 4 4 4 4 4 4 4

A N 0 0 0 0 0 0 0 0 0 0•" N U 0 0 0 0 0 0 0 O 0 0

"" ~~~~~M B1 11111111
A E - - - - - - - - - -
L A 1 I 1 1 1 1 1 1 1 1

.. 3 3 3 3 3 3 3 3 3 3
0 1 2 3 4 ,5 6 7 8 9

SPLEEN _X.__X_ _X x X ____ XX _._X .

PANCREAS X XX X X X X X X

Focal Acinar AtrophY ___ 3 . . . . .. . . .

.LYMPH NODE, POPLITEAL X X X X X X X X

Pigment Deposition . . .. 1 1 ..

Lymphoid Hypeplasia

Hemorrhage

STOMACH X XX X X XX X X X

DUODENUM X X X XX X X XXX

CECUM X X X X X X XX X_

Nematodiasis P_

COLON x x X x x x X X X X

Nematodiasis

SKIN .X X X X x X Xx X XX

TESTIS X _ X XXX X X X X X X

11-9

•i ~ ~I- M.S,. 'g-S,• 3-4 K' -:!'a' a- . '. ae) E-eee .
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HISTOPATHOLOGY INCIDENCE TABLE

RZ-79
13 Week Sacrifice Group H
Male Rats _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A N 0 00 00 00 00 0
N U 0 00 00 00 0 00

A - - --M
MBA 1 1 1 1 1 1 1 1 1 1 1

0A 11111111117 8

*EPIDIDYI4IS XX X X XX X XX -

*PROSTATE X A AA -.- X-XXAXX

URINARY BLADDER X X X X X X X X X X _

*FEMUR________ _______ X XX XX XXX XX

11-10
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E~ermeta Ptt~g' ~braors.- K- -a 2 - 3 - Mý:c-aq - -e-a~eY Se, efe. -

Exprient! athwiy Lboatoie. iw.5- Se~e~e gr I - incornvete Sect.oý'



L HISTOPATHOLOGY INCIDENCE TABLE

.%:RZ-79
-'13 Week Sacrifice Group L
Male Rats

3 3 3 3 3 3 3 3 3 3
A N 9 9 9 9 9 9 9 9 9 9
NU 9 9 9 9 9 9 9 9 9 9
M 6 9 9 9 9 9 9 9 9 9 9

A E
L.A 1 1 1 1 1 1 1 1 1 1

-" 3 3 3 3 3 3 3 3 3 3

0 1 2 3 4 5 6 7 8 9
.-:NASAL CAVITY-LEVEL I X __X X X X X

Serous Exudate

Hemorrhage 114 1 1

ubm_v cosoal •T gment _Deposition

"Nonsuppurative Rhinitis 2
" bperplasia of Goblet Cells 1 .. .

Sup _purative Exudate__________

Inflarination of Nasolacrimal

Duct

NASAL CAVITY-LEVEL II X X X X X

Serous Exudate
Hemorrhage 12 3__ 1

hSubmucosal Pigment Deposi tion .. . . . ..

Inflammation of Nasolacrimal

Duct .. ....

Nonsuppurative Rhinitis

_SCystic Glands

NASAL CAVITY-LEVEL III _X X X X X X X
: Hemorrhage .. .... 2

-_Submucosal PigmentDeposition_ .. .

.. Nonsuppurative Rhinitis - - 1

._ C•ystic Glands 1 1

Inflammation of Nasolacrimal

Duct .....

"II-11
EPLI
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HISTOPATHOLOGY INCIDENCE TABLE

RZ-79
13 Week Sacrifice Group L
Male Rats

f~Ii3 3 3 3 3 3 3 3 3 3
A N 9 9 9 9 9 9 9 9 9 9
N U 9 9 9 9 9 9 9 9 9 9
I M

B, 9 9 9 9 9 9 9 9 9 9
A E

L A 1 1 1 1 1 1 1
333333333301 2 3 4 5 6 7 8• ,9

NASAL CAVITY-LEVEL IV X X X X X X X XX
$_erous Exudate

Hemorrhage 1
Submucosal Pigment Deposition .... -- ---

_ _ _ _ _. _. .. _- --- --. 7. -

11-12
EPL

Key P- Peer" N- Nc Se::.,3 A - ,
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HISTOPATHOI OGY INCIDENCE TABLE

00.-79
a Week Sacrifice Group M

Male Rats

N 4 4 4 4 4 4 4 4 4 4
A N 0 0 0 0 0 0 0 0 0 0
N U 0 0 0 0 0 0 0 0 0 0I M

MB 0 0 0 0 0 0 0 0 0
A E

PL L A
:": 3 3 3 3 3 3 3 3 3 3

0 1 2 3 4 5 6 7 8 9

-ASAL CAVITY-LEVEL I X X X X X _ X _ X

Serous Exudate

Hemorrhage 2 2

Submucosal Pigment Deposition

Nonsup urative Rhinitis

_Hyperpiasia of Goblet Cells .. ..

Suppurative Exudate 1

Inflammation of Nasolacrimal

Duct

qASAL CAVITY-LEVEL II X X X X X X X X

Serous Exudate-----
-- Hemorrhage 1 1

Submucosal Pigment Deposition _

Inflatmiation of Nasolacrimal ..- |

Duct

_Nonsuppurative Rhinitis .. . .

Pcy stic Glands 
1

rNASAL CAVITY-LEVEL III X X X X X.X
S.--Hemorrhage-. 1

Submucosal Pigment.Deposition 1 1 1

Nons•upurative Rhinitis

C.. Cystic Glands

_Inflamm_ ation of Nasolacrimal .

Duct

"11-13
EPL
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I
1

I

GROUP CONCENTRATION m

C Control

L Low Exposure Concentration

M Medium Exposure C(icentration

H High Exposure Concentration

p°

i
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HISTOPATHOLOGY INCIDENCE TABLE

'. .DZ-79
:-N3 Week Sacrifice Group M
'4al e Rats__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4 4 444 44 44 4
A AN 0 00 00 00 00 0
N NU 0 000 0 00 00 0

0M 0 00 00 00 000

r 14ASAL CAVITY-LEVEL IV ___ X X X x x -

* ero _Avdate

S LLmofiE _ _ _ _ _ x.-- -- - -- - - - -.

Subrnucosal Pigqment Deposition 1 1 1I 1_

A .VER XX X X .XX_

h ~Foci of monoinuclear Cells __

Bile Duct_ Hyper asia1

*jPigment Depositon

__nfarction _ _____ ___

- RegeertveTubul-ar-_

I: A.i~telunL - 1 .. - 3- 1 -1
* Casts __ ________1 1_2 _

[PJ9 -ent-Deposition 2_1 1- -2 1 11 1 2 2. 2 _

Foci ofMononuclear Cells 11 1 1
-TJubular Mineralization

K_~PgmntDeposition-___.---

1.-~Hyperplasia of -Type 11 Cells -

*.-Peribronchi al Lymphot-0.

I- ±yperpl~asi a___- 1 1 1 1 1 1 1 1 1 1
* Accumulations of Foagly--

m Iacrophages_______ ______

11-14
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HISTOPATHOLOGY INCIDENCE TABLE i
RZ-79
13 Week Sacrifice Group C
Female Rats

A N 9 99 9 999 99 9

IMI

N U 9 9 9 9 9 9 9 99 9
MB 8 8 8 8 8 8 8 8 8 8

LR 6 66 6 666 6 66

0 1 2 3 4 5 6 7 8 9

NASAL CAVITY-LEVEL I X X X .X X X .. . . .
Serous Exudate . . ... . .

Hemorrhage 2.. .. . 2 ..
Submucosal P qi ment Deposition .. .. .... ...... ..-- - -

Nonsuppurative Rhinitis ____....1....1..

jHyperplasia of Goblet Cells

Sup1purative Exudate

Inflammation of Nasolacrimal

Duct

NASAL CAVITY-LEVEL II X X X X X X X

Serous Exudate .,__ ,

Hemorrhage 1.2

Submucosal Pigment Deposition ... ...

Inflamnation of Nasolacrimal ._

Duct

Nonsuppurative Rhinitis 2 1

_Cystic Glands

NASAL CAVITY-LEVEL II1 X X X X X X X X X X

Hemor rhage .

_Submucosal Pigment Deposition . . -

Nonsuppurative Rhinitis.

_ _ C y s t i c G l a n d s .. .". . .T
Inflammation of Nasolacrimal - ..

Du c t ... . . ...._

11-15
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h HISTOPATHOLOGY INCIDENCE TABLE

ýZ -79
"ýý3 Week Sacrifice Group C
Female Rats__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

MS8 8 8 8 8 8 8 8 8 8
A E - - - - - - - - -
L A 6 66 66 66 66 6

2:JASAL CAVITYLvEv X X X X XX X XX X

U 1,Hmorrh~age-_ __ _ - -- - - - - - - - -

1;" SubmucosalPigrnentDeoosition ______

LIVER -X X- XX-XXX
'Li~i.of Mononuclear Cells 1 1_1-
* ~Bile Ducypnpl as ia

Pirtent-Peposition------- -- -- --- --.-

"*.-IDNEY
*-Regenerative Tuibular____

L-Pigmerotfleposition__ . .1 1.1 1 1 1 - Li __ - - - --

ýFoci ofMononu~clea-r Cell-s 1 _ __ 1

Tubul"ar Mineral iza-tic - 3. 2 3 3 3 3 .2-3.,2..

SLUNG- - - - - - -

~ i-igmerit-Deposition--.-
-Hyperpipsi-a -of Type 11 Cells -

--.KPeribr-onchial -L.ymphoid-- --

H:I~ yper-plas-a -- - 111 1 1
r. Ac cumul-atigns -of_ Foam~y-- -. . . . . . . . .

Mac rQohaqes ___________________

11-16
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HISTOPATHOLOGY INCIDENCE TABLE I
RZ-79
13 Week Sacrifice Group C
Female Rats

3 3 3 3 3 3 3 3 3 3
A N 9 9 9 9 9 9 9 9 9 9
N 1 9 9 9 9 9 9 9 9 9 9 •I M

M8 8 8 8 8 8 8 8 8 8 8
A E
L R 6 6 6 6 6 6 6 6 6 6

3 3 3 3 3 3 3 3 3 3
0 1 2 3 4 5 6 7 8 9

BRAIN X X X X XXX X XX X _X _ p.

PITUITARY X _ __ X -X '

ADRENAL X X X_ _ X X X X.X X

Vacuolated Cortical Cells __

EYE X X X X X X X.XX X '.- X:

Retinal Degeneration .. ..

THYROID X XX _ X XXX _ -x

LARYNX XX X X X X XX X X

Foci of Mononuclear Cells

TRACHEA X X X X XX X XX X
Foci of Mononuclear Cells

LYMPHNODE, TRACHEOBRONCHIAL N X X X

_ymynphoiddyperplasia a .......
Hemorrha aje _ __ 1 . 1
..PigmentDeposition

HEART X X X X X X X X
_ Nonsuppurative I4yocarditis 1 1

Dilatation "

11-17
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i HISTOPATHOLOGY INCIDENCE TABLE

ý2-.79
43 Week Sacrifice Group C
Female Rats__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A N 9 999 9 9 9 999
N U 9 9 9 9 9 9 9 9 9 9

M 6 8 8 8 8 8 8 8 B 8 8

L R 6 66 66 66 6 66

--.PLEEN NX -.. X X X-X -X X

LYMPHNODE.POPLITEAL N X _X X _X _X N _X X _X

PigqmentDeposi tion

Hemorrha e_________

'IOMACH __ X X X_ X. X X X X. X

[,Z)ODENUM X__ __- x-X X X xx x x X X

A.leM~t Xs~ . - X-. X- ----- ---- ----

_-_X X X X-X X. X X. X

7 Nematodi-asis$ __.___ P. --

*3KI X.X X X.X XX XX

",-.TEPJS ___ XX X X X X X X X

_Dilatati~on --- - 3-

Key P- Ptese'-' N - N- SOC1t.7 A - A~il - -~ *e
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HISTOPATHOLOGY INCIDENCE TABLE I

RZ-79
13 Week Sacrifice Group C
Female Rats

3333 3 3 3 33
A N 9 9 9 9 9 9 9 9 9 9I MNU 9 9 9 9 99 9 99 9
MB 8 8 8 8 8 8 8 8 8 8
A E
LR 6 6 6 6 6 6 6 6 6 6

3 3 3 3 3 3 3 3 3 3
0 1 2 3 4 5 6 7 8 9

OVARY X X X X X X X X X X

URINARY BLADDER X X X X X X X X X X

FEMUR XXXX X X X X

-.. . .. . . . .. . - . . .. . . . . .

11-19
EPL
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HISTOPATHOLOGY INCIDENCE TABLE

'RZ-79
13 Week Sacrifice Group H
Female Rats*

4 4 4 4 4 4 4 4 4 4
A N 0 0 0 0 0 0 0 0 0 0

NU 0 0 0 0 0 0 0 0 0 0
,':I 

M
M B 1 1 1 1 1 1 1 1 1 1

SA 
E

LR 6 6 6 6 6 6 6 6 6 6
"-" 3 3 3 3 3 3 3 3 3 3

0 1 2 3 4 5 6 7 8 9
,:-NASAL CAVITY-LEVEL I X . X X X X

__Jerous Exudate

"Hemorrhage
SSubmucosal Pient Deposition 1 1 2_1

.. Non3uppurative Rhinitis 1 3

_ Hyperplasia of Goblet Cells 3

I Suppurative Exudate

Inflarnation of Nasolacrimal _ _................................. ....

Duct

TNASAL AVITY-LEVEL II

Serous Exudate . ............ -_

Hemorrhage . ... .

WSubmucosal Pigment Deposition _ _ 2 2_ 2 22 2 2 2 2 2 __2.

Inflammation of NasolacrimalI _ Duct . .. . . . . . .

NonsuppurativeRhinitis 2 . . .

C_ Cystic Gl ans..........

.NASAL CAVITY-LEVEL_.AI.I . .............
-K. Hemorrha.ge .... ... ....

"[__SubmucQsosLPig•Igent Deposition 3. 4. 3. 3. 3. 3 3 3 3 3

Nonsuppurative Rhinitis
C ;. {yst, ..c Glands. ... ... ..

SInflammation of Nasolacrimal ....

" DuCt . . .. .....

4 11-20EPL
Key P- Pebe- N- No SecdIon A . . ,

I -- Ll , M 2• - S ll-P' 1 3 k• 'l • ,l p 4 " '• e a ) S e vt-'e
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HISTOPATHOLOGY INCIDENCE TABLE

RZ-79 I
13 Week Sacrifice Group H
Female Rats

4 4 4 4 4 4 4 4 4 4
AN 0 0 0 0 0 0 0 0 0 0
NU 0 0 0 0 0 0 0 0 0 0

" 1 1 1 1 1 1 i 1 ii
A E -
LA 6 6 6 6 6 6 6 6 6 6

3 3 3 3 3 3 3 3 3 3

0 1 2 3 4 5 6 7 8 9

NASAL CAVITY-LEVEL IV __

Serous Exudate

Hemorrhage_.. ......... ..... ..
Submucosal Pigment Deposition 3 4 4 3 3 3 3 3 3 _3 ... .

LIVER . ... I

Foci of Mononuclear Ceils 1 1 1

Bile Duct Hyperplasia ..... . . ... ... .

Pinent Deposition _ 1 .2 2_ 2.. 1 .. 1 1 1 1 1

I-ofarction ....

KIDNEY

Regenerative Tubular

Epi thel ium -... -

Casts

_ _Pi entDeposition 3 3 3 3 3 3 3 3 3_ 3

Foci of Mononuclear Cells 1 1

Tubular Mineralization 2 3 1 2 2 3 2 3 2 3
_. C yst_ . . . . .. . ..

LUNG X

_ Pi-gment DePosltlon

_Hypeýrp!asia of Type 11 Cells

Peribronchilal. Lymhold ....

__HypeEPl as i a1 1 1 1 1 1 1 1
Accumulations of Foamy .. . .. ..

Macrophages

11-21
EPL

Ke, P- P e.eml N - N: Se:t'o- A - Au'ý y'.- -" r , e 'kabm
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HISTOPATHOLOGY INCIDENCE TABLE

-0ZU-79
.43 Week Sacrifice Group H
Female Rats__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4 4 44 44 4 4444
A N 0 00 00 00 00 0
N U 00 0 00 0 0 0 ') 0

n I ?J....2..3.1.4.A.. 6 7 8 9

I.ADRENAL ____ x X--- x x K__X-

'YE xX-X.-X--X--XXX X __

RtnlDeqeneration -- -

_______ 
__ __ x x x - x

AARYNX XX XX XX X xx

Fo~ici of Mononuclear Cells _

ITRACHEA _______ _-- X- X-X.X--X KX --X

Foci of Mononuclear Cells1

~YIPH-NODE, TRACHEOBRONCHIAL ___ --X N N X X. X K

r1z...Jyn"Phoid HIyper~plo~a - --____-

.- EARTL- ___ - X XX X. x x X

__ýonsuppurativeMjocardltis -

_.Dil atation

Key P- Psenl, N - NoSc~ fi~on A - A.,!.'). S I' -. atar e
IM,.'.. 6 ?- S,-ghl ~ f e -.. ' Se,' f" L

Experimental Pathology Lab~oratories. Inc, 5- Seyele M-4.g I - Inco-ni)ICIP Sc-CI-on



HISTOPATHOLOGY INCIDENCE TABLE

'- R!-79 f
' 13 Week Sacrifice Group H
~' Female Rats _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A.. -N 0 00 00 00 00 0
0U 00 00 000 G 0 0

M B I 1 1 1 1 1 1 1 1 1 1

3 3 2 2 3 3 3 3 33
_ _ _ _ _ _ _ __ _ '0 1 2 3 4 5 6 78 9

SPLEEN_ lXx x X X X.

N. PANCREAS X__X___ XX X X X F

Flocal Acinar Atroph

LYMPH NODE -POPLITEAL X__ X_ X ..X.XXX NX____

- P igrentDe~gsition- -I- - -- -

V I pLýOiJA yperp~lasi a _ 2

- Hemorrhaqe __

-- STOMACH ___ X XXX XX X XX X

DUODENUM XX XX XX X XX X

CECUM X XX X XX X XX X

NeAipatodiasis

I.0 -L Q___ X_ XX_ XXX XXX X

- Nematodiasis

SKIN_______ XXXX X X XX X

UTERUS XX XX X XX X

Dilatation 2. 3

11-23
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HISTOPATHOLOGY INCIDENCE TABLE

,•AZ-79
'..13 Week Sacrifice Group H

"Female Rats

AN 0 0 0 0 0 0 0 0 0 0
N U 0 0 0 0 0 0 0 0 0 0

• •" M 1 1 1 1 1 1 1 1 1 1

A EI•L P 6 6 6 6 6 6 6 6 6 6
-- , 3 3 3 3 3 3 3 3 3 3
""_ _ 0 1 2 3 4 5 6 7 8 9

xVARY X_ XXX X X__ __x X- _X.

QU.RIN&MBLADLDER X XX.X _XX _-X_ X. X . _

xFIM9R X X X -x x l lX.. . X -X - -

1.

II

Key P- Pesen N - N-, Spcfto" - 1 4 - i- ..

lI -i M.. . . .. . . ..--a 2 -_ ";Q 1 !

Experimental Pathology, Laboratories, Inc 5Mla -S Q 3eet H<.gh~ I i-LPee et
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HISTOPATHOLOGY INCIDENCE TABLEU

RZ-79I
13 Week Sacrifice Group L
Female Rats______

AIN 9 99 9 999 99 9
NU 9 99 99 99 9 99

M89 9 9 9 9 9 9 9 9
I~ AE

L R 6 66 66 66 66 6
3 333 33 3 33 3

___________0_ 01 2 3 456 7 89r

NASAL CAVITY-LEVEL I ___ X X XX XX X

I Serous Exudate
* Hemorrhage____ ___1

Subucoal_~grent Deposition __

Nonsuppurative Rhinitis- -- - - - - --

Hyerplasia of Goblet Cells __

__5_ppurative Exudate

Inflanination of Nasolacrimal --

Duct__1

*NASALCAVITY-LEVEL 11__ X X X X X X X X

Serous Exudate ___ ___7.

Hemorrhage ______

I Submucosal Pigment Deposition_

Inflammation of Nasolacrimal

*Duct _ _ _ _ _ _ _ _ _ _ 2.

Nonsu purative Rhinitis

I &sti cGIands,___

*NASALCAVITY-LEVEL III - X X X X X X X X X

- Hemqrrhaqt____ __--

I Submucosal Pigment Dep~osition -

Nons~puai-ve Rhiniti-s

Cystic Glands

Inflammnation of Nasolacrimal

Duct - 2

L 11-25

_____________________________________ Key P - Peser.! N- N-. Secl-o, A -AuIC'VS-5 A~ - e-alkd~Ie

Expetrimriwai Pathology Laboratories, Inc I - KAm~n a' 2 - S.;1'...... 3 - ll r 4 - ,leW SPe .(-g



HISTOPATHOLOGY INCIDENCE TABLE

..PZ-79
-3 Week Sacrifice Group L
"-Femal e Rats

S~3 3 3 3 3 3 3 3 3 3

"9 9 9 9 9 9 9 9 9 9

LA 66 6 66 6•..L 6 6 6 6 6 6 6 6 6 6
3 3 3 3 3 3 3 3 3 3
0 1 2 3 4__5 6 7 8 9

.'NASAL CAVITY-LEVEL IV X X X X X X XX XX
-Serous-Exudate

Hemorrhage

5i. bmucosal Pi gment Deposition

S-LIVER _-___X X. X _.X..... x. . ...
Foci of Mononuclear Cells 1 1

Bile Duct Hyperplasia .. . .. .. ... .

'4Pigment Deposition .... .

In farction

U-________

11-26
E P L
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HISTOPATHOLOGY INCIDENCE TABLE

RZ-79
13 Week Sacrifice Group MI

A N 0 C0 00 0 000 0
N U 00 00 00 0 00 0

IM0 0 0 0 0 0 0 0 0 0

L A 6 66 66 6 666 6

NASAL CAVITY-LEVEL I X X X X K X __

Serous Exudate ____

Hemorrhage 1 1 2_____

Submucosal Pigment Deposition __ ______

Nonsuppurative Rhinitis__________

jHyperplasia of Goblet Cells _______ ------. -

* Suppurative Exudate________

-Inflammation of Nasolacrimal _____ __

Duct 1

NASAL CAVITY-LEVEL 11 _ X K_ X-.X X_ - X.XX --

S.erous Exudate__

Hemorrhage

j Submucosal Pigment DeposiJtion ____-- -.-------. . . .

* Inflamnuation of Nasolacrimal ______

- Duct _________

* Nonuprtv Rhinitis __

CytcGlands_____

NAAL-CAVITY-L-EVEL III X X__ X. K. K X X

__ubniuc~osalPiynment Deposition_ 1 .1. ............... L

CytcGlands

Inflatmiation of Nasolacrimal _

Duct .. . . . . .

11-27
EP L

Koy P- Present N - No Srcto'r A- A~c'ys -s x~ ~e- A.t'
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HISTOPATHOLOGY INCIDENCE TABLE

., RZ-79
•13 Week Sacrifice Group M
" '.Female Rats

.. •, 4 4 4 4 4 4 4 4 4 4

AN 0 0 0 0 0 0 0 0 00•,'N 1 0 a 0 0 0 0 0 0 0 0m

MB 0 0 0 0 0 0 0 0 0 0
A E

3t 3 3 333 33 333
' _._0 1 -2 34_5 6 7 8 9

INASAL CAVITY-LEVEL IV X ]

Serous Exudate

Hemorrhage ............._..

'..I umucosal Pigment Deposition 1 1 1 1 1 1

:..LIVERX x X
�QcLof. _ononucleorCell s _ 1 1 1 1

..:__Bi1e_Duct dyperp_ 1 &asia ... .. . . . . .. . . .

,- = • .en _Deposition 
_ . .. . . . . . .. . . . .

*} infarction .. . . . .. . .. .. . . . .....- - . ..... ... ...

"Renerative Tubular

19 - 4 ptsth- e -- r- - - - - --.. .. . . .....
• ___S ass ______ _...... .. ......- .... ... . .

•iý_pmenft Deposition 1 1 1 1 1 1i 1 1 1
Foci of Mononuclear Cells . 2 1 .

- Tubular Mineralization 2 2 2 .2 2. 2 3 2 2 2 .

IcLUNG -.. ......... X........ .

. Pigment Deposition..
J_"_'_Hyp_er~pjasia of- Typ_e__1LC~ells_ . . .. ... .

' Peribronchial Lymphoid
",• .e _ _ _____ 1 1 .1. 1. 1 1 I] 1 1 '

'f. .. ....... . .. . ola

1.__Accumulations ofFoam____ .....

I ~ Mac rophages ___

"11-28
E PL
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SUMMARY INCIDENCE TABLE

RZ-79 I
17 Week Sacrifice
Male Rats i

Group Group Group Group
C H L M

NASAL CAVITY-LEVEL I

(NO. EXAMINED) (9) (10) (10) (10)

Hemorrhage 3 5 1 1

Submucosal Pigmert Deposition 1

Nonsuppurative Rhinitis 1 1

Hyperplasia of Goblet Cells i 1 2

Cystic Glands 2

NASAL CAVITY-LEVEL II

(NO. EXAMINED) (10) (10) (10) (10)

Hemorrhage 3 2 2

Submucosal Pigment Deposition 10

Nonsuppurative Rhinitis 1 2

Foreign Body

NASAL CAVITY-LEVEL III

(NO. EXAMINED) (10) (10) (10) (10)
Hemorrhage 1 2 1

Submucosal Pigment Deposition 10 2

Nonsuppurative Rhinitis 1

NASAL CAVITY-LEVEL IV

(NO. EXA4INED) (10) (10) (10) (10)

Submucosal Pigment Deposition 10 7

Hemorrhage 3

Suppurative Exudate . 1

IV-I

E PL

Experimental Pathology Laboratories. Inc

• , .-... ..- A " . -A - * -



SUMMARY INCIDENCE TABLE

•RZ-79
L'17 Week Sacrifice

.Male Rats

G roup Group Group Group

C H L M

ILIVER (NO. EXAMINED) (10) (10) (10)

Foci of Mononuclear Cells 2 8 2

"I Pigment Deposition 10

Bile Duct Hyperplasia

[KIDNEY (NO. EXAMINED) (10) (10) (10)

- Pigment Deposition 10 10 10

SRegenerative Tubular

"Epithelium 9 10 7

SCasts 7 10 9

Foci of Mononuclear Cells 4 8 6
•- Cyst 1

Tubular Mineralization

ýLUNG (NO. EXAMINED) (10) (10) (10)

Hemorrhage 2

SPigiment Deposition 2
Hyperplasia of Type II Cells 2

SAccumulations of Foamy
Macrophages 2

'" Peribronchial Lymphoid

Hyperplasia 10 10 9

BRAIN (NO. EXAMINED) (10) (10) .._.]

PITUITARY (NO. EXAMINED) (10)
N Cyst __1____

"IV-2

EPL P L i
SExperimental Pathology Laboralories. Inc. j

-- -- - '• • - ' - -• - - . i . : - _- '_ - - . . • . - . : -. ' i . . .i - '- -. - - . " .-. -. ., . . . --- - --



SUMMARY INCIDENCE TABLE I

RZ-79I
17 Week Sacrifice
Male Rats

Group Group Group Group
C H L M

ADRENAL (NO. EXAMINED) (10) (9)

Vacuolated Cortical Cells 5 -T 3

Hemorrhage I

EYE (NO. EXAMINED) (10) (10)

THYROID (NO. EXAMINED) (10) (10)

LARYNX (NO. EXAMINED) (10)- (10)
Hemorrhage 1

Foci of Mononuclear Cells

TRACHEA (NO. EXAMINED) (10) (13)
Foci of Mononuclear Cells

LYMPH NODE, TRACHEOBRONCHIAL

(NO. EXAMINED) (9) (9)
Hemorrhage 1

Pigment Deposition 2

HEART (NO. EXAMINED) (10) (10)

Nonsuppurative tlyocarditis 5 6

SPLEEN (NO. EXAMINED) (10) (10)

PANCREAS (NO. EXAMINED) (10) (10)

_ _ _ _ _~~~-- - --------------- .

IV-3

EPL
Exper~menlal Pathology Laboratories. Inc

S. . •. .. . . . ... .- .,. . . o..



SUMMARY INCIDENCE TABLE

I-

17 Week Sacrifice
al e Rats

Group Group Group Group
C H L M

LYMPH NODE, POPLITEAL I

*.NO. EXAMINED) (10) (10)

Hemorrhage 1
• Pigment Deposition 1

{,Lymphoid Hyperplasia

-'-iTOMACH (NO. EXAMINED) (10) (10)

3UODENUM (NO. EXAMINED) (10) (10)

:7-ECUM (NO. EXAMINED) (10) (10)

f Nematodiasis 1 1

Hemorrhage 1

UCOLON (NO. EXAMINED) (10) (10)

.": Nematodiasis 3
-Hemorrhage 1

ISKIN (NO. EXAMINED) (10) (10)

rESTIS (NO. EXAMINED) (ZO (10). . (10) ..........

•.PIDIDYMIS (NO. EXAMINED) (10) (10)

:.)ROSTATE (NO. EXAMINED) --- (10) (10) ...... .

*JRINARY BLADDER (NO. EXAMINED) (10)1 (10)

"Foci of Mononuclear Cells '____

IV-4

EPL
~ Experimental Pathology Laboratories, Inc

S.. . .. . . . " . . . - . - . . . - . - . - -- • . _' -. - i - -



SUMMARY INCIDENCE TABLE

RZ-79
17 Week Sacrifice
Male Rats

. Group Group Group Group
C 1 L M

FEMUR (NO. EXAMINED) (10) 1 (10)

IV-5

'S I'

II

E P

ELo

IV-5 "

* EPL

SIExperimental Paihology Laboratories. Inc U
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SUMMARY INCIDENCE TABLE

ý- Z-79
17 Week Sacrifice

-Femal e Rats

L. - Group Group Group Group

i C H L M

iNASAL CAVITY-LEVEL I
'ýNO. EXAMINED) (10) (1C) (10) (10)

Hemorrhage 4 1

Submucosal Pigment Deposition 2

Nonsuppurative Rhinttis 1

Hyperplasia of Goblet Cells 1 1 1 ,,

.- Cystic Glands

N'JASAL CAVITY-LEVEL II

flNO. EXAMINED) 1 (10) (10) (10) (10)
, Hemorrhage 3 1
; Submucosal Pigment Deposition 10

Nonsuppurative Rhinitis

TFreign Body 1

,-qASAL CAVITY-LEVEL III

_(NO. EXAMINED) (10) (10) (10) (10)

Hemorrhage 1 1

Submucosal Pigment Deposition 10 4

Nonsuppurative Rhinitis

614ASAL CAVITY-LEVEL IV I

I(NO. EXAMINED) i (10) (10) -- (10) (10)

I Submucosal Pigment Depositlon 10 B

Hemorrhage _

Suppurative Exudate I _

Ti

I 4 1

IV-6

EPL -o
•.• ~ExiJerimentaI Pathology Laboratories, Inc I



SUMMARY INCIDENCE TABLE

RZ-79 I
17 Week Sacrifice
Female Rats

Group Group Group Group

C H L M

LIVER (NO. EXAMINED) (10) (10) (10)

Foci of Mononuclear Cells 3 5 4

Pigment Deposition 10 .

Bile Duct Hyperplasia 1

KIDNEY (NO. EXAMINED) (10) (10) (10)

Pigment Deposition 10 10 10

Regenerative Tubular

Epithel ium I.___-

Casts 1

Foci of Mononuclear Cells 2 2 2

Cyst _

Tubular Mineralizat#ion 10 10 10

LUNG (NO. EXAMINED) (10) (10) (10)

Hemorrhage

Pigment Dppocition
Hyperplasia of Type II Cells

Accumulations of Foamy

Mac rophages___ ______________________ _____

Peribronchial Lymphoid i

Hyperplasia 10 9 9

BRAIN• (NO._EXAMINED) (10) .. (10) ..... . ..

PITUITARY (NO. EXAMINED) (10) (10) .....
Cyst 2. Z.

IV -7

Experimental Pathology Laboratories. Inc U



SUMMARY INCIDENCE TABLE

Z-79

-17 Week Sacrifice
Female Rats

Croup Group Group Group
C H LM

ADRENAL (NO. EXAMINED) (10) (10)

Vacuolated Cortical Cells

Hemorrhage 1

":-EYE (NO. EXAMINED) (10) (10)

:'THYROID (NO. EXAMINED) (10) (8)

:-.ARYNX (4O. EXAMINED) (10) (10)

I Hemorrhage

Foci of Mononuclear Cells 1

- TRACHEA (ND. EXAMINED) (10) (10)

I Foc of Mononuclear Cel"s 1 1

-L.YMrPH NODE, TRACHEOBRONCHIAL

(NO. EXAMINED) (9) (10)

Hemorrhage 4 1 3

1 Pigment Deposition 4 5

KAIELRT (NO. EXAMINED) (10) (10)

Nonsuppurative Myocarditis 3 3

ISPLEEN (NO. EXAMINED) (10) (10)-.

!J PANCREAS (NO. EXAMINED) (10); (10)- ..

K- -- __......---

IV -8

E Experimental Pathology Laboratories, Inc.

-..--. -, .: ....................................................................................................................-..-



SUMMARY INCIDENCE TABLEI

RZ-79

17 Week Sacrifice
Female Rats

Group Group Group Group

C H L M

LYMPH NODE, POPLITEAL

(NO. EXAMINED) (7) (10)

Hemorrhage

Pigment Deposition

Lymphoid Hyperplasia

STOMACH (NO. EXAMINED) (10) (10)

DUODENUM (NO. EXAMINED) (10) (10)

CECUM (NO. EXAMINED) (10) (10)

Nematodiasi s

Hemorrhage

COLON (NO. EXAMINED) (10) (10)

Nenatodiasis 1 1

Hemorrhage

SKIN (NO. EXAMINED) (10) (10)

UTERUS (NO. EXAM41NED) (10) (10)

Dilatation 1

OVARY (NO. EXAMINED) (10) (10)

Parovarian Cyst 1

URINARY BLADDER (NO. EXAMINED) I (10)I (10)

Foci of Mononuclear Cells 1 i

IV-9

E Experir'ental Pathology Laboratories, Inc.



SUMMARY INCIDENCE TABLE

m RZ-79
17 Week Sacrifice
Female Rats

Group Group Group Group
C H L M

FEMUR (NO. EXAMINED) (10) (10)

uqi i

* I

II

"IV-1o
EPL

Experimental Pathology Laboratories. Inc.
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GROUP CONCENTRATION

C Control

L Low Exposure Concentration

SM Medium Exposure Concentration

H High Exposure Concentration

b 
j"

L

.. . . . . . . . -- . . . . . _. . . "



H.ISTOPATHOLOGY INCIDENCE TABLE

RZ-79
17 Week Sacrifice Group CI

Male Rat

I ~ ~~~IR 1

NAA CAIY-EE I 1 1X 1 N 1 1_ 1_11

H emorrhage 2 2-2____
Submucosal Pigment Deposition__-
Nonsuppurative Rhinitis_______________
Hyperplasia of Goblet Cells

Cystic Glands __________ __

NASAL CAVITY-LEVEL II -__ X X X X XXX

Hemorrhage 2 1 -2 _

Subrnucosal Pigment Deposition ___

Nonsuppurative Rhinitis_______i

_F oreiln Body

NASAL CAVITY-LEVEL III X X- X- X -X X --X _KX-

Hemorrhage 1-__---------

Subrnucosal Pigmnent Deposition _______ __-.---.--

Nonqsuppurative Rhinitis

S NASAL. CAVITY-LEVEL IV -X-X-XX X X -XX X .

Submucosal Pigmen t De~posi-tion __

Hemorrhage

_ýujpuyrkqive Exudate

LIVER _____ X X X XXX K K
Foci of Mononuclear Cells1 1

Bile-DuctH Yer~lasla______________________

V-1

K~ey P- P'eSen'. N- ND Secl1,oi A - A.13iy1 s s X Ea*~t'
Experimental Pathology Laboratories, Inc. 5- 1 - Sightlel s-ection M~atSee H;



HISTOPATHOLOGY INCIDENCE TABLE

.7 Week Sacrifice Group C
Male Rats

S~3 3 3 3 3 3 3 3 3 3

A N 9 99 99 99 9 99

I M
MB 8 8 8 8 8 8 8 8 8 8
A E 

m
L• A 1 1 1 1 111 11

4444444444

'.-IDNEY

._ Renenerattive Tubular

Epithelium 1 1 1 1 2 1-1 1 1 .

Casts 2 1 11 21

"Foci of Mononuclear Cells 1 1 1 1

c yst . . . . . . .. .. . . . .. . . .

'•_JTbular Mineral ization ... . .

NG..._ _. ..

Hemorrhage . . .. ..
*..__ ~ n•E ;_ D e poo s~i..- n- . . . . .... . . ... ..

- pL l Hyerplasi a of Type__ Ik Ce1lls

; Accumulations of Foamy ....

Macrophaqes

[Peribronchi al Lyrphoi d

. "RA! X- X- X- X- X X X- X X"K_ . .... .......2..1 11...............

JPITUITARY .. .X. X X X X X X X X X
,..--Cst

*:;.ADRENAL .__ X X X X

]Vacuolated Cortical Cells_ 1 1 1 1 1

>._Hemorrhage_

V-2
L Key P- Pesenr N- N- Sei.hon A - A,1I xr•'Yý- P

I -- •,.•l 2 - S- •1 ht 3 - M.a:'3r,'le 4 - , ý-•!t S[ e,e' .•

Experimental Pathology Laboratories. Inc 5- Se~qwe mNg* I - I-cor-.-"ete Sectcr



HISTOPATHOLOGY INCIDENCE TABLE I

RZ-79
17 Week Sacrifice Group C
Male Rats

3 3 3 3 3 3 3 3 3 3

NU 1 9 99 99 9 99 9 9
M 8 8 8 8 8 8 8 8 8 8

LIR 1 1 1 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7 8 9

EYE X X X X X X X X X XX

THYROID X X X X X X X X X X

LARYNX X X X X XXXX X

Hemorrhage ....... 2

Foci of Mononuclear Cells

TRACHEA X XX X X X X X _X X

Foci of Mononuclear Cells

LYMPH NODE, TRACHEOBRONCHIAL X X X X N X X X

Hemorrhage 1

Pigment Deposition 21 2

HEART X X X X X

Nonsuppurative Myocarditis 1 1 2 -1 . . 1

SPLEEN ... ... X X X X X X X X X X

PANCREAS . XX X X X X X X X.

LYMPH NODE, POPLITEAL X X X X X X X X X -

Hemorrhage 2_•
_P~i~ment Deposition -i1

__yvnphQid Jjyperplasia ._U-

L.5

V-3
EPL

Key P- Piesent N - No Secton A - AvicI, S X - N - '. • • ' k?e.e U

Experimental Pathology Laboratories. Inc 5 -eve: ' -" Sgrt3h In comp'ele SeC4hoe

"...................................................................................-... -..... ° . -. . '



HISTOPATHOLOGY INCIDENCE TABLE

WZ-79
'.-17 Week Sacrifice Group C

Male Rats

A p. N 9 99 99 99 99 9

MB8 89 8 8 8 8 8 8 8 8

I,~~~ IR 1111111111

:*STOMACH x x xx x x xx _xX

[.1IWQENUM XXX x x xx x xx _

ICECUM xXX _ __ x .____

Nernatodi asi S ____ ___ P

jj~r hage- ._ _---

COON_______ XX __ _XX xx _. _

ndmatodi- as i s P _ _P P.
7i:orrhaqe -

T SI __x__X_ _____X _ X__ _

K EPID-IDYMIS_____________XX__ xxx xx

.-'PROSTATE x x x x x x x x x x

--URINARY BLADDER __X.- XXX X x X x. X. x

T--Fo iof Mponcea CellIs

7. jEMUR x xxx x xx x xx x

Key P- P'eseml N - N,, Sect-on A - t utolg,s s .. t.. 'kac
l K-M.'rnma 7' - 1Q% 3 - Voot-ale 4 -'~-ae Se.Ee 'Experimental Pathology Laboratories, Inc Se -Hgh i-ncmetsc-o



HISTOPATHOLOGY INCIDENCE TABLE

RZ-79
-, 17 Week Sacrifice Group H

Male Rats

4 4 4 4 4 4 4 4 4 4
AN 0 0 00 0 0 0 0 0 0
NU 0 0 0 0 0 0 0 0 0 0
M M

A E - - - - - - - - - -
L R 1 1 1 1 1 1 1 1 1 1

_____________________0 1 2 3 4 5 6 7 8 9

NASAL CAVITY-LEVEL I X X X X X

Hemorrhage - 2 1 1 I

Submucosal Pigment Deposition 1

Nonsuppurative Rhinitis 1
Hyperplasia -f Goblet Cells 2

Cystic Glands

NASAL CAVITY-LEVEL II
Hemorrhage 1 .. 1

Submucosal PigmentDeposition 2 2 2 2 2 2 2 2 2.. 2

Nonsuppurative Rhinitis 1

Foreign Body

NASAL CAVITY-LEVEL III
Hemorrhage . .. _. 1

Submucosal Pigment Deposition 3 3 3 3 3 3 3 3 3 3

Nonsuppurative Rhinitis . . . .... .. . .

NASAL CAVITY-LEVEL IV
SubmucosalPigment Deposition 3_ 3 3 3 3 3 3 3 3 3

_Hemorrhage ... ... ... ... 1 . 1 . . . 1

_ Suppurative_Exudate 2

LIVER

Foci of Moncnuclear Cells 1 1 1 1 1 1 1

_ ignment Deposition 1 1 1 1_ 1 . 1.2 2..

F Bile Duct Hyepei plsa

V-5
* EPL I"

, , Key P- Preseni N - NZ! seclOý A - A&CIl, S X - 9;I- a'kL P
SI - .- M n~m a ý 2 - S ,9 .1 3 - k .io j e - ,O le 4 - .1 . -a~ e l) .S e v e -e H ,.

Expetimenlal Pathology Laboratories, Inc. 5 Senee H 2gt' I -n. In M ,jr, p-e Sect oeI -Se. g? I Tp•" Sco



HISTOPATHOLOGY INCIDENCE TABLE

".z-79
,N:7 Week Sacrifice Group H
Male Rats

4 4 4 4 4 4 4 4 4 4
A N 0 0 0 0 0 0 0 0 0 0
N U 0 0 0 00 0 0 0 0 0
I M
M 1 1 1 1 1 1 1 1 1 1
A 1e<. IR 1 1 1 1 1 1 1 1 1 1

4*. 4 41 4 444444

0 1 5 6 7 8 9

.-'IDNEY

"HPigment Deposition 31__3 2 _ Z___2__ 3 _3_3

,Regenerative Tubular

"• Epithelium - 2_2.. L2 L__ .3. _

_Casts _ l____2 1 1 2 2 1 2 22

LFoci of Mr e r_.el I a1 _ 1_ 1 11 2
-Cyst P . . . .

.jTubular Mineral ization

"b.-UNG

Hemorrhage 1 1
,..-i~mgnt keposition _ - -L

_-"yper~lasia of Type I Cells 1 1
S .• c~um u .at ,.t o ns__o _Ff o aq ey _ - __ _ __ .

• __________}_ 1__- A . ...

_LPer rr icb onchi&.lLym phoi id__ - ------

Hype.laSia _!_ 2_ 1 1 a 1 1s 1 1 1

XxRAINX X XX X X X X X X

'ITUITARY x X x x . X X X x
Vy C St p ...

*-AXDRENA__ . N X X_ X_ XX _.

iVacuolated Cortical Cells 1 1 1
- .Hemorrhage ___ ----

V-6
EPL

Key P- PiC %@rt N - No Sect-on N,- APi-', - ., O' a-ýable
I- Ml..,mal 2- S1:ght 3- Moo,:ale a - a.i--&ie Se.e'e I;t

Experimental Pathology Laboratories, Inc se'efe'H-gh I -- cornrlele SeChon

- • ''• •m•.•'•. .s .. • .- . .'...' ... ,' .'.. . ...' ..' .' .... ..'.'. . -. . . -' . .- .. , .- . .



HISTOPATHOLOGY INCIDENCE TABLE I
RZ-79
17 Week Sacrifice Group HMale• Rats •

4 4 4 4 4 4 4 4 4 4
AN 0 0 0 0 0 0 0 0 0 0
NU 0 0 0 0 0 0 0 0 0 0
I M
ML 1 1 1 1 1 1 1 1 1 1
A E
IR 1 1 1 1 1 1 1 1 8 1

1 EYE X X X X X x X X X x

THYROID X A X X X X XXXX ..

LARYNX X X XX X X X X X X

Hemorrhage

Foci of Mononuclear Cells

TRACHEA X X X X X X X X X X

Foci of Mononuclear Cells

LYM4PH NODE, TRACHEOBRONCHIAL X X X X X X N X X X
Hemorrhage

.- Pigment Deposition

HEART - X X - X
Nonsuppurative Myocarditis i 1 1 1 1 1

SPLEEN X X X X X X X X X X -

PANCREAS X X X X X X X X X X

LYMPH NODE. POPLITEAL X_ _X X_ X X X X X X X

Hemorrhage

Pigment Deposition -'

~ -- ii ----- --- ...... ,°- -

V-7
EPL

Key P- Piesent N- No Sectho A - A..tOlys*S X- I.,,' Re- kat e
M - •lnmm l 2 -- 5i.9h! 3 -- Mocle-ale A - N, 3e'aie', Se,e~e q,0g

Experimental Pathology Laboratories, Inc. Sove1- H M 1,v I - -ndo",pleIe Sect-on

N oeeN~ r'o~~t et.



HISTOPATHOLOGY INCIDENCE TABLE

ý'RZ-79
ý,17 Week Sacrifice Group H

Male Rats ____________

4 4 4 4 4 4 4 4 4 4
A N 0 00 00 00 00 0
N NU 0 00 00 00 00 0

MBA 1 1 1 1 1 1 1 1 1 1

_____ ____ _____ ___ 0 1 2 ... 3 4 5 6 7 8 9
.-STOMACH xXX X X X ___ xxx

...'UOENUM - x xX K X x x x x x

JCECUM X x X X X.x _X. X _

4fematodiMas - ____P.__ -

e01Norh e____ x _____x _ __ - 1X _ _-

Sematodiasi s 
_

¶Ie!rorrkag.e 3 -

**:I~iIJ x x x~ x x x. x. x x

____________ X_ X. .X _ X . x X

YRQSTATE._. _____------X X X X. X X X. X X

..URINARY. BLADD.E-R__ X X X X. X X X. x X X

*-Foci of Mononuclear Cells

FEMUR ______X x X X .X X X X .K X

V-B

K~ey P-P.-geent N -No Section A - t -a D
i - -a'a 2 S'gq'j 3 - M,,oca~e a -, j:1 - Se-e~e

Experrwmental Pathology Laboratories, Inc S-e.. eH~t I Im-uCompieie SeCt~on



HISTOPATHOLOGY INCIDENCE TABLE 3
RZ-79
17 Week Sacrifice Group L
Male Rats 1

A N£N U 99 99 9 99 99 9

IM 9 9 9 9 9 9 9 9 9 9

NASAL CAVITY-LEVEL I X X X X X X X X X _-_

Hemorrhage e-1-~
Submucosal Pigment Deposition ____- ....

Nonsu.ppurative Rhinitis

He•rplasia of Goblet Cells

Cystic Glands

NASAL CAVITY-LEVEL II X X X X X X X X X

Hemorrhage

Submucosal Pigment Deposition .... ------.. . . .

Nonsuppurative Rhinitis

Foreig n Body . .. . .... .. .. . .. .. . . ....-

NASAL CAVITY-LEVEL III X X XX X _X ----- .x X ..

Hemorrhage ___ 1 . . . ..-. .. . .

Submucosal Pigment Deposition _... .. . .. .. .....

Nonsuppurative Rhinitis

NASAL CAVITY-LEVEL IV X X XK X X K X X X

Submucosal Pigment Deoosition

Hemorrhage .

_ Suppurrtive Exudate . . ...... . .. .. .... ....

V-9
EP L

Key P - Presp.I N - Nc Secron A - Au!ZýyS $ X - N.,- Aep-a at•'e

I - M,n,-aI 2 - Si gh! 3 - Mode, te 4 - M:,3e-ae) Se.e'e H.Qh
Experimental Pathology Laboratories, Inc. 5- SeveteýH.gV I - IncOnmpiete Section



HISTOPATHOLOGY INCIDENCE TABLE

,r7Week Sacrifice Group M
Male Rats__ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _

A N 0 00 00 00 00 0
NN 1 0 0 0 0 0 0 0 0 0 0

I M

.'4-IASAL CAVITY-LEVEL I X X X X X____

LHemorrhage -2 - - - -- -

Submucosal Pigment Deposition ___________

Nonsu purative Rhinltis 1 __

Hyperplasia of Goblet Cells 11

C stic Glands 1I1

:1 CA~AVit1Y-L~YE X X X X _ X_ X _K

Hemorrhage1 1
ytub.p~cosal Y gffgrn-n__eposi tion ______

Nonsu purativeRhinitis 1 _1 ___

Foreign Body

A SLCAVITY-LEVEL III -- ___ X X X X X

*Hemorrhage

I~-Submucosal Pigment_ Deposition_ 1 1 -. -~

..-_Nons!!pjpurative Rhinitis

ASAL -CAVI.TY-LE VEL.IVY X- - X XX---
ýSubmuc-osa.L-Ptgment-Depositlon. 1. 1__ 11. 2.1-1 - .

.Hemorrh~ge-

SuppurativeExudate

KI VER -. -. X X. K K. K K

Fvoci of Mononuclear Cells 1 1
Pigment Deposition . -_ .. --

1
7811e Duct Hypervilasia______________ ______

V-10

Key P- Pefse't N - No Sect1or' A* A, C,;, 5 - N., ;4-a'habIe
S ki -m a,m' ? - Si~gN 3 - wcif- ale d -Mizderatel) Spe~ere'-Experimental Pathology Laboratories. Inc 5 Se.e'e Hg9h I - Ir'compleI. secltor



HISTOPATHOLOGY INCIDENCE TABLE

RZ-79
17 Week Sacrifice Group M
Male Rats

4 4 4 4 4 4 4 4 ,A 4
AN 0 0 0 0 0 O 0 0 0 0

NU 0 0 0 0 0 0 0 0 0 0

IMMB 0 000000 0 OOOO0

A E------------- - - -

L R 1 1 1 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7 8 9

KIDNEY

__ eipgntDeposition -1______ 1 1I-_4_ _ 1 2 1 1 1 1 _ 1. 1-.

Regenerative Tubular

Epithelium 11 1 1 21__

Casts 1 2 1 1

Foci of Mononuclear Cells 1 1 1 1 1 1

Cyst

Tubular Mineralization .....

LUNG X

Hemorrhage ...

Pi_ ment Deposition ...- - -

Hyperplasia of Type II Cells . .....

Accumulations of Foam, _ _.-_

Mac rophages _. ...... ... . . . . . . . . . . . . .. . .. .

Peri-b~ronch~ia l _yvmphoi d... . . .. . . . ... . . .. ..
_eplasia .. . . 2. 2 1 1 1 1 1 . .1

V-11.'
1 L Key P -P, esenl N - N( S-cb~oý A--A.!o'ySs X -+ ' P ,clPp a'ab-e

M'a 2 -- S'n~a. I-oh Kj- mJV.'31e 4 - VJClt'ale') Seve'e H,) rExperimental Pathology Laboratories. Inc Se Hoý p'ete Sect-oý
_ _ _r__ _ _ _ _ _ .-. • -. -- " . " %.- -- -... . .. • • •.o. .. o••.,. .. •,•.• .
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GROUP CONCENTRATION

C Control

L Low Exposure Concentration

M Medium Exposure Concentration

H High Exposure Concentration

....



HISTOPATHOLOGY INCIDENCE TABLEI

RZ -79
17 Week Sacrifice GroupC

A N 9 99 99 99 99 9

N U 9 99 99 9 99 99

MB 8 8 8 8 8 8 8 8 8 8

IR 6 666 6 66 66 6

0______ _ 01-2 34 5678 9

NASAL CAVITY-LEVEL I ___X X X- X- X.__
Hemorrhage - ? 1 ___ __ _ .. ... --

Subrnucosal Pigment Deposition2 __1

Nonsuppurative Rhinitis ________-_ _ - - - . . -

jHyperplasia of Goblet Cells ________ __1-

Cystic Glands _____ ___

_NASALCAVITY-LEVEL 11 X x X X X __ X- _X_

Hemo rrhage___________ 2 1__ 1_

-SubroucosjLfPigrent -Deposi.tloi..

Nonsup~puwrative Rhini tis

A-SAL-Cid1TY-LELJVEI IL _ X-- xX -X-X X -X--X
_Hem-orrha e2 -- - - - --

.S.ubmucosal Pigm.ent Depos.i tion_- __

Nonsuppur-ati~ve- Rh~ini ti-s -- - - - - - - - - - - - - -

NASALXAJYLVLL_ X X X. x XX X. X. X X

-Subniucosal .Pigment-Deposi titn ..

-Suppuratti-Exudate---.-------

LIVER __ X x xXx -

* Foci of Mononuclear Cells 1 I

wpntýDgpqosti on--___------
Bile Duct Hyperplasia 1____ ___

V-12

Koy P- Piesernl N- No Sect-an A - t ts 5 N,' Re-a-at e
Experimental Pathology Laboratories, Inc 5 S e-Mr.'H-gts - mc'ý" !e 3 odec - .lu~t c.'



HISTOPATHOLOGY INCIDENCE TABLE

~RZ-79
ý,,17 Week Sacrifice Group C
,Fem al e Rats

3 3 33 33 3 3333
A N 9 99 99 99 99 9
N U 9 99 99 9 99 99
I IM
MBa 8 8 8 8 8 8 8 8 8 8

LR 66 66 6 66 6 66

'.KIQNEY ____

~j...Piamnent Devosition1 1 1 1 1 1 1 1 1 1
JRegenerative Tubular ________

Epithelium _________

Cats _____ ___

-.--oci of Mononuclear Cells11

.:._Lubular Mineral ization 12221122 33

-LUNG __ 
__

SHemorrhage
Pipment Deposition

::Hyperplasia of Type HI Cells

Acc umulIati on s of Foamny____

Ilk Macrophages ___

Peribronchial Lyr'phold __ __

- Hyperplasia -_ 1 1 1 1 1 1 1 1 . 1

...BRAIN ___ X XX XX XX X X

PI TU91T A RY X_____ X.XX XX.X.X X X.X

VaDcul ated Corti cal~~ Celx Isx

Hemriorh~qe ____

V-1 3

Key P -P,e~ent N - No~ Se Ct'., A - C: -S X - tý 4 8kt
I - Mi~nia: 2 - Si'gr't 3 - 1,4_,je 31 - Maf t Se.,, H-e

Experimental Pathology Laboratories. Inc -SvrHih I-ncmltSeio



HISTOPATHOLOGY INCIDENCE TABLE

RZ-79 G
17 Week Sacrifice Group C
Female Rats

3 3 3 33 3 3 3 3
A N 9 99 99 99 99 9
NU 9 99 99 99 99 9
IM BMB 8 8 8 8 8 8 8 8 8 8

L R 66 66 6 66 66 6

0 1 2 3 4 5 6 7 8 9

EYE X X X X XXX.X__X__Xx

THYROID X X X X X X X XX X

LARYNX X X X X X X X X X

Hemorrhage ... . . .. .. .....

Foci of Mononuclear Cells

TRACHEA XX X X X X X X X

Foci of Mononuclear Cells

LYMP N RACHEOQBRON.CHIAL _ X.X ._ X. NN . -. .. X_....... .

Senorrhaqe __ -2 _ .. 1

lignenLDepos.tti n 12 . .. 2 ..

HEART X_ XX X._x __ X__X.

Nonsuypourative ?¶yocardi tis ..... 1 1 .... . . ...

SPLEEN X X X X X X X XX X

PANCREAS X. X X X X XK X X .

LYMPh NODE, POPLITEAL .... .. N K N X. N X X X X

Hemorrhtge____ -- -- -

PigmentDepos ti on...

LyjmphoLd_ Hyperplasias___a 2_ -

V-14

E __________________/____________ Key P - P,esent N -N:' Seclon A,- A S':' " -
IK4 1-k ,me -- S1. 3 Maofr'all 4 - F." :I," :- ý' Se'e,e 1•

Experimental Pathology Laboratories, Inc. 5- Seere m.gh I - I c~mCo ete Set-orI



HISTOPATHOLOGY INCIDENCE TABLE

ý.7 Week Sacrifice Group C
-'emal e Rats

AN

I M
M68 8 8 8 8 8 8 8 8 8

LIR 6 6 666 66 66 6

!DUODENUM xxx x

LCECUM x X--X- - - -
Neniatodiasis ___ ___ ____

Memorrhage

fOLON ___ _____ X XX X ..XXXX X .

Nematodiasis __- __ p---

Hemrrhage~

SKIN ___ ___ xxx

4JTE RUS ____ _____._x xx

Dilatation __

[OVARY x x x xX -x x x x ---
.,ParovarianCyst -

1URINARY BLADDER _ X X X X X X X XX

FLoci of Mononuclear Cells -1-

V-15
E P L IKey P - P~esenl N - No Sec uon A - Au'DYS~~-5 N:;e ~ e

I M,n-ra-e 2 -S-91 PJ~2-Mae'3le 4 ~CII ~eeI4;Experimental Pathology Laooratories, Inc 5 seve,eei-ig4h I - inr~Cnpiete Sectior



HISTOPATHOLOGY INCIDENCE TABLE

RZ-79
17 Week Sacrifice Group H
Female Rats

A0 0 00 000 000 0
IM 00 00 0 00 00 0

A E
IR 6 66 66 6 666 6

NASAL CAVITY-LEVEL I X X X- X X X X

Hemorrhage ___-. . .. -

Submucosal Pi ment Deposition 1I

Nonj~qpuai ve Rhinitis

H yperplasia of Goblet Cells _____--.-

__Cstic Glands ____ ____

NRASAL.ýAVITY-LEVEL 11____

Hemorrhage.

-Submuros-alPigmentDepositi~on -2 .2 -2-2- 1- 2 1. 2. 2.. -------
Nonsuýp~purative Rhinitis _

_joreI~gn -Ro~y -- *---

-A5AL -AV1TI--LE YEL4 -_- -- -- -I I

__urucosal~gmn Depos iti on-- . -.32- 3-2- 2 2 3 2 _ 2 .

_Nonsuppura~tive Rh ni ti s __

NASAL CAVITY-LEVEL IV

__SubrnucosalPigment Deposition 3 3 3 3 3 3 2 3 3 3

--Hemlorrhage .--

__u~ppura4jyve E-xud~ate-.--

Foc-i of Mononucl ear Cell I 1 1 1I

-Pi~gment.Deposi ti on 1 1. 1 1-- 1 1
Bile Duct Hyr~erplasia I________ ________

V4-16

__________________________________________ Key P - piesernt N - No Sect~on A - A.,IývS s s 1 I .,a
-, M.',-ma' 2 - S 3 - vnne-ate 4 - v~je-aie: Se.e'e

Experimental Pathology Laboratories, Inc 5- Sevele H-g.ý I - '-compiele Sect-or



HISTOPATHOLOGY INCIDENCE TABLE

\fRZ-79
-17 Week Sacrifice Group H
Female Rats

4444444444

AN 0 0 0 0 0 O 0 0 0 0
N U 0 0 0 0 0 0 0 0 0 0
M B 1 1 1 1 1 1 1 1 1 1
A E
LP 6 66 66 6 666 6

4 4 4 4 4 .

.--:KIDNEY
"I pmenit D~eI.osition 3 3 3 2 23 3333_ .3. ...

• .Regenerative Tubular ,,

* • pithel ium 1 . . ..

. C a s t s 1 _.. . . . .. . . . . .

Foci of Mononuclear Cells 1 1
,- |_Cyst_.....

Tubular Mineralization 2 2 2 2 2 2 3 2 2 2

AUXNG
Hemorrhag

4- .. gPilmentDeposition
"Hyperplasia of Type II Cells

Accumulations of Foamy .. . ... ... ..___

Macrophages

Peribronchial Lymphoid

-. Hyperplasia

BRAIN X_ X X X X- X X X X X

PIPTUITARY _ X _ X XX XXX X
...-_ _ ___ __t.. . . .. P. . .. .

ADRENAL _ XX X XX X X XX
Vacuolated Cortical Cells

r Hemorrhage __. ...2

V-17
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HISTOPATHOLOGY INCIDENCE TABLE

. RZ-79 S17 Week Sacrifice Group H
Female Rats

4 4 4 4 4 4 4 4 4 4
A N 0 000000000
-N U 0 0 0 0 0 0 00 0 0

~M B 1 1 1 1 1 1 1 1 1 1
A E

L R 6 6 666 6 666 6

0 1 2 3 4 5 6 7 8 9
ErE x x x x x x x x x x

THYROID N X-N X._X_ XX X X X..--

LARYNX X X X X XXX XX

Hemorrhage

Foci of Mononuclear Cells 1

TRACHEA x x x x x x . X . ..

Foci of Mononuclear Cells - - 1 ... ..

YMPH NOODL_ RACHEBRONCHIAL .. . . X X X . X__X .. . .... ....

Hemorrhage .... 1 1 - --

"__gment_ Deposition________.L. 2 1- 1 _..

.EARL__ _X._ X XX X. x X_ X.

___Nonsuppurative Mocarditis _

SPLEEN __----- XX X XX X X XX

PANCREAS . . X X X X X X X X X X

LYMPHNODEJPOPLITEAL XX X X X X X X X X

Hemorrhag-- .

.._Piqrment " ,t, " tion

_JYmohoi e m, i. rpl asi a

Exer~ment-i Pa.ho))Og, Labo'r ý~-- -n SO1 3- yd-e ''



L HISTOPATHOLOGY INCIDENCE TABLE

:.-RZ-79
.-'17 Week Sacrifice Group H
"Female Rats

S~4 4 4 4 4 4 4 4 4 4

AN 0 O 0 0 0 0 0 0 0 0
"",N U 0 0 0 0 0 0 0 0 0

AE - - - -

vi, LA 6 6 6 6 6 6 6 6 6 6
". ~4 4 4 4 4 4 4 4 4 4
"" ~0 1 2 3 4 5 6 7 8 9

.. STOMACH XXx XX XX X XX _

,.DUODENUM X X X X X X. X X X X X

ICECUM X X X X X X X X X X

. Nernatodiasis s
.f Hemorrhaqe . ... .. .. ..

"COLON XX XX x x X X
-Nematodiasis

Hemorrhage'. .. . . .

"--'.SKIN XX X X X X _X X XX

UTEPUS X X X XXX X X X _

Dilatation 3 ... . . ..

O VoARY .... X .XX Y

* Parovarian Cyst P

URINARY BLADDER XX X X X X X X XX

Foci of Mononuclear Cells

" FEMUR .. X XXX X X X XX X

V-19
*. E L
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HISTOPATHOLOGY INCIDENCE TABLEI

RZ-79 GruI17 Week SacrificeGruL
Female Rats _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A N 9 9 999 g 9 99 9
IM 9 9 9 9 9 9 9 9 9 9
MB8 9 9 9 99 9 9 9 9 9

L A 6 66 6 66 66 66

____________ 01 7 34.56 78 9

* NASAL CAITY-LE-YEL I A. XKX _.X X. X X_ X X

I He-m r1- t__ _ _

Submucosal PigmentDeposi ti on __ ____ ___ ________

Nonsuppurative Rhinitis______ _____

Hyperplasia of Goblet Cells _ _______- 2 -

Cystic Glands__ _ _ ___

*NASAL CAVITY-LEVEL. 11 X X X X X X X X X _X -

Hemorrhage _ _ _ _ _ _ _- _ - -.--... -

I ubmucosal Piaiment Deposi tion -_

NhonsuPu rative Rhinitis --.- -__-- - - --- - - - - -

j ASAL CAVITY-LEVEL III _XX_ X__XXXX X__ X ...__

Hemorrhage ___

__ubmucosal__Pi~gment Deposition __--- ..

*_Nonsuppurative Rhinitis__

.NASAL CAVITY -LEVEL A V__._ X X XX. K X X X X. X

.- Submucosal Pigment Deposition _ _-- - .

__Hemorrh~ge - --.. . . . . .

j Suppuratiye -Exudate --__ -- - .-- -

V -20

Key P. P.SOg.-I N -t.7 A- A ,1
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HiSTOPATHOLOGY INCIDENCE TABLE

-'5.Z-79

:-_7 Week Sacrifice Group M
iemale Rats

"• ~4 4 4 4 4 4 4 4 4 4

A N 0 0 0 0 0 0 0 0 0 0
.,N U 0 0 0 0 0 0 0 O 0 OI Mi o 0 0 0 0 0 0 0 O 0

A E

""0 1 2 3 4 5 6 7 8 9
-'ASAL CAVITY-LEVEL I X X X X X X X X

' Hemorrhage
I Submucosal Pigment Deposition

Nonsuppurative Rhinitis

Hyperplasla of Goblet Cells

C•stic Glands

ASAL CAVITY-LEVEL Ii X X X X X X X X X

Hemorrhage

SubmucosalPigment Deposition

Nonsujpurative Rhinitis

-. Foreign Body P

NASAL CAVITY-LEVEL III X X X X X X

Hemorrhage _ _........ .... ...... .... . .. ..

Submucosal Pigment Deposition _ 1 _ 1 1 1

Non suPpurative Rhinitis

I ýASAL CAVITY-LEVEL - X IV

Submucosal Pigment Deposition _ I . 1 1 1 1 1 1
Hemorrhage ....

Supppurative Exudate______.......... .......

::1'R X X x . x x"FUc of MononuclearCells 1

L Pi,•me.nt. Dejostio on_
" 1 le Dulct MyRP rp1 . is

-- V-21
T'.PL
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HISTOPATHOLOGY INCIDENCE TABLE I
RZ-79 G
17 Week Sacrifice Group M
Fema]le Rats

4 4 4 4 4 4 4 4 4 4
AN 0 0 0 0 0 0 0 0 0 0
NU* 0 0 0 0 0 0 0 0 0 0

MB 0 0 0 0 0 0 0 0 0 0
A ELIR 6 66h 66 66

n 1 2 a 45 6 789

KIDNEY . .._"-

___PA~e._DieDsIiJa o-_ 4A1__1_ 11_ 1 L1. 1_ .I -

Regenerative Tubular '

Epithelium ,_.
Casts 5'.-

Foc- of Mononuclear Cells 1"
Cyst

Tubular Mineralization 2 2 2 1 2 3 1 3.

LUNG _ - -X _ . .. .. . ..... . - - - - ..... . .. ... . .. . . .

Hemorrhage

i•.gent-Deposition------------------- ............

Hyper_ lasia of Type IICells .. . . ..

Accumulations of Foamy
Macrophaqes .... . .. ... .. . - - - - - - - - - - - - - --.. ..

Peri bronch-ialLymphoid _____ ...

_ Hyperplasia 1 .1 1 1 1 1 1 1 _ 1 ..

S.- - - .- --.. . ..... ..... ... .. .. . . ...

V-2?
EPL

Key P - Pe6e"' N o c' 1t"on A - A.ttc.Iy , X- PP '
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EXPERIMENTAL PATHOLOGY LABORATORIES, INC.

-- LOVELACE INHALATION TOXICOLOGY RESEARCH INSTITUTE

90 DAY REPEATED INHALATION EXPOSURES 0F RATS TO
1, SOLVENT YELLOW-GREEN DYE MIXTURE

PATHOLOGY SUMMARY

- A histopathologic evaluation of selected tissues from male and

_ - female rats exposed to Solvent Yellow-Green Dye Mixture was conducted to

provide infon•.ation on the inhalation toxicity of dyes present in

Scolored smoke munitions. The experimental design for this study was as

follows:

Number of Animals
Dose* 90 Da 30 Day

Group Treatment (mg/mi Sacriyce Recovery
F M I F

* ' L Controls 0 10 10 10 9**
M Low Exposure Concentration 1 10 10 10 10
N Medium Fxposure Concentration 10 10 10 10 10

m E 0 High Exposure Concentration 100 10 10 10 10

*Rats were exposed six hours/day, five days/week for thirteen weeks.
**One animal escaped.

According to protocol, routine hematoxylin and eosin stained

"- slides from the following tissues were prepared for all animals: skin,

tracheobronchial lymph node, popliteal lymph node, spleen, femur,

larynx, nasal cavity (four levels), trachea, lung (four lobes), heart,

"stomach, duodenum, cecum, colon, liver, pancreas, kidneys, urinary

* bladder, epididymis, testis, prostate, uterus, ovary, adrenal, thyroid,

- -brain, pituitary, eyes, and any gross lesions. Microscopic evaluation

-.was performed on all of the lis'ed tissues from the control and high

. -4 - . o •
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- dose groups. Tissues from the lower levels were evaluated to determine

"- a no-effect level for each tissue having a treatnment-related effect.

I I In general, the tissues called for to be examined by protocol

are represented in the Histopathology Incidence Tables. Only a few

tissues were inadvertently missed at the time of necropsy or lost during

histologic processing. In some instances, the posterior portion of the

• 'nasal cavity had been damaged and complete sections of four levels of

the nasal cavity could not be obtained.

Microscopic findings for each tissue examined from each animal

* are listed in the Histopathology Incidence Tables. All lesions are

summarized by treatment groups in the Summary Incidence Tables together

i I with the total number of animals in each group for which the tissues

were examined. A tabulation of gross lesions observed at the time of

necropsy with the corresponding microscopic change, if appropriate, is

. given in the Correlation of Gross and Microscopic Findings Tables. The

descriptions of gross findings on these tables were transcribed from the

Individual Animal Necropsy Sheets prepared at the time the necropsies

were performed.

I,.

RESULTST: ;

"" ~Ni netx-_Day Exposure

Inhalation of Solvent Yellow-Green Dye Mixture at 100 mg/m 3

"e. six hours/day, five days/week for thirteen weeks resulted in changes in

the lungs, nasal cavity, tracheobronchial lymph node, kidneys, and

liver. In the lungs. slight to moderate accumulations of foamy

-2-
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• appearing alveolar macrophages containing minimal to slight amounts of

pigment were noted in the alveoli adjacent to the respiratory 0

bronchioles in all high dose rats. These accumulations of alveolar

macrophages were accompanied by slight to moderate hyperplasii of Type

II cells (granular pneumocytes). In the nasal cavity, submucosal

pigment deposition was noted at most levels in nearly all high dose

rats. The pigment deposition was heaviest at Level III and Level IV.

In the tracheobronchial lymph node, hyperplasia of foamy rcrophages

(reticuloendothelial cells) with minimal pigment deposition and slight

to moderately severe lymphoid hyperplasia were present. In the kidneys,

an increase in granular pigment present in the cortical tubules was

noted in all high dose rats. In the liver, minimal granules of pigment

were noted in the bile duct epithelium or hepatocytes adjacent to the

bile ducts in all high dose rats.

In the rats exposed to Solvent Yellow-Green Dye Mixture at

10 mg/m 3 , only lung, nasal cavity, tracheobronchial lymph node,

liver, and kidneys were examined. Minimal lung lesions similar to those

noted in the high dose rats occurred in three males and three females. -,

The lesions were single lesions and tended to be at the margins of the

lung lobes. In the nasal cavity, minimal submucosal pigment was noted

at Level III in one male and four females, and at Level IV in two

females. In tracheobronchial lymph nodes, hyperplasia of foamy

macrophages with minimal pigment deposition was noted in two males and
*'4

two females. Lymphoid hyperplasia was noted In an additional male. U

-3-
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Pigment deposition in the kidneys was romparable to the controls. In

the liver, minimal granules of pigment were noted in two females.
SL

In the rats exposed to Solvent Yellow-Green Dye Mixture at

3I mg/mr, the lung and nasal cavity were examined from both sexes; the

liver was also examined from the females. No compound-related histo-

"morphologic alterations were noted in any of these tissues,

Thirty-Day Recovery

Inhalation of Solvent Yellow-Green Dye Mixture at 100 my/m 3 for

ninety days followed by a thirty-day recovery period resulted in lung

lesions similar to those noted after ninety days, but marginally less
I"

m severe. Additionally, in the lungs, a few of the foamy macrophages con-

r taining pigment were present in the peribronchial lymphoid cuffs, a
r feature not present after ninety days exposure. In the nasal cavity,

submucosal pigment deposition was present at most levels in nearly all

high dose rats, but 3ppeared to be slightly less severe than was noted

after ninety days. In the tracheobronchial lymph nodes, hyperplasia of

foamy macrophages containing a minimal amount of pigment was slightly

more severe than was noted after ninety days exposure. Lymphoid

"hyperplasia was essentially comparable. In the kidney tubules, the

increased tubular pigment was less severe than was noted after ninety

days. In the liver, pigment deposition in the bile duct epithelium was

comparable to that noted after ninety days exposure.

L In the rats exposed to Solvent Yellow-Green Dye Mixture at

10 mg/Inm 3 for ninety days followed by a thirty-day recovery period, only

-4-
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lung, nasal cavity, tracheobronchial lymph node, liver and kidneys were

examined. Lesions similar to those noted at this level after ninety

days exposure were present. Minimal lung lesions were noted in two rats

of each sex and submucosal pigment deposition was noted in the nasal

cavity of single rats of each sex at Level II, six males and five

females at Level III, and two males and six females at Level IV. In

the tracheobronchial lymph node, of one male, lymphoid hyperplasia was

present, but hyperplasla of foamy macrophages was not present in any of

the lymph nodes examined. Pigment deposition in the kidneys was

comparable to the controls and no pigment deposition was noted in the

liver.

No compound-related histomorphologic alterations were noted in

the lung and nasal cavity of rats exposed to 1 mg/m3 for ninety days

followed by a thirty-day recovery period.

Spontaneous disease lesions and incidental findings occurred in

rats in both control and treated groups at both sacrifice intervals.

These lesions were distributed with approximately equal frequency in

test and control rats.

CONCLUSIONS

Exposure of rats to Solvent Yellow-Green Dye Mixture at

100 mg/m 3 for six hours/day, five days/week for thirteen weeks resulted

in accumulations of foamy alveolar macrophages containing minimal

amounts of pigment in the lungs. These accumulations were accompanied

by hyperplasia of Type II pneumocytes. Similarly, foamy macrophages

-5-
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with pigment had accumulated in the tracheobronchial lymph nodes.

Pigment deposition was noted in the nasal cavity, liver, and kidney.

After a thirty-dey recovery period these lesions were decreased in

severity with the exception of foamy macrophages in the tracheobronchial

lymph nodes which were slightly increased.

Exposure of rats to Solvent Yellow-Green Dye Mixture at

10 mg/m 3 resulted in only minimal lesions in the lungs and tracheobron-

chial lymph nodes of a few rats and pigment deposition in the nasal

cavity to a much lesser degree than was noted at the high dose exposure.

After a thirty-day recovery period, these minimal lesions were

essentially unchanged.

Exposure of rats to Solvent Yellow-Green Dye Mixture at 1 mg/m 3

did not result in any compound-related histomorphologic changes in the

tissues examined.
E

"-EBORAH A. BANAS, D.V.M., M.S.
"Veterinary Pathologist

DAB/ras

-6-
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QUALITY ASSURANCE
REPORT CERTIFICATION

Lovelace Inhalation
Client Name Toxicology Research Institute Client Study No. RZ-75

Study Director Dr. Larry Ackerman Pathologist Dr. Deborah Banas

90 Day Repeated Inhalation Exposures of Rats to Solvent
Study Title Yellow-Green Dye Mixture

Test Article Solvent Yellow-Green Dye Species Rats

All parts of the pathology phase of this study, including the final report,

were reviewed by Experimental Pathology Laboratories Quality Assurance Unit

on April 10, 1985 through August 13, 1985 . All findings were reported

to the Study Director and Management.
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i SUMMARY INCIDENCE TABLE

, RZ-75
• 90 Day Sacrifice

-~Male Rats

Group Group Group Group
L 0 M N

LUNG (NO. EXAMINED) (10) (10) (10) (10)

Accumulations of Foamy
Macrophages 10 2

Hyperplasia of Type II Cells 10 1 -

Pigment Deposition 10 3

Adhesion

Hemorrhage 2

Peribronchial Lymphoid

Hyperplasia 10 10 8 10

NASAL CAVITY-LEVEL I ,-_"

(NO. EXAMINED) (10) (10) (10) (10)

Hemorrhage 3 1 1

Subimucosal Pigment Deposition 8

Congestion

Serous Exudate

Foreign Material

Nonsuppurative Rhinitis 1

Cystic Glands 1

NASAL CAVITY-LEVEL II _ _

(NO. EXAMINED) (10) (10) (8) (9) __

Hemorrhage 2 1

Submucosal Pigment Deposition 10

Inflamnation of Nasolacrimal

Duct 4

Foreign Body 1 ,

Focal Squamous Metaplasia 1 " ""

Focal Inflammation 1 •

Congestion I I

" 1 E PL

a Experimentat Pathology Laboralorios, Inc
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ILSUMMARY INCIDENCE TABLE

^z

RZ-75
Day Sacrificee Rats

IGroup Group Group -Group
L 0 M N

N SAL CAVITY-LEVEL II (CONTINUED)

-..Serous Exudate

Nonsuppurative Rhinitis

-.zystic Glands

N SAL CAVITY-LEVEL III

(NO. EXAMINED) (10) (8) (9) (0)

---Hemorrhage 1 1

b-Submucosal Pigment Deposition 8

-Serous Exudate

NASAL CAVITY-LEVEL IV

0. EXAMINED) (10) (10) (9) (8)

Hemorrhage 1 1
"Submucosal Pigment Deposition 10

Serous Exudate

L-;4PH NODE, TRACHEOBRONCHIAL

(-0.'o EXAMINED) (7) (10) (9) (10)

-'.Hyperplasia of Foamy ..........

Macrophages 9 2

.Lymphoid Hyperplasia ..... 10 1

Pigment Deposition 10 2 __

-. Hemorrhage 3 ............

V.'DNEY (NO. EXAMINED) (10) (10) (0)

-Regenerative Tubular ..........

Epithelium 5__6 6

i:lCasts 3 1
Cortical Infarct I

"1-2

Experimental Pathology Laboratories. Inc
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SUMMARY INCIDENCE TABLE

RZ-75
90 Day Sacrifice
Male Ratss

GFoup Group Group Group
L 0 M N

KIDNEY (CONTINUED)

Foci of Mononuclear Cells 3 1 .

Pigment Deposition 10 10 10

p.h

LIVER (NO. EXAMINED) (10) (10) (10)

Bile Duct Hyperplasia 1 _

Foci of Mononuclear Cells 2 3 2

Cholangiofibrosis 1 _'.

Pigment Deposition 10 "

BRAIN (NO. EXAMINED) (10) (10) -_.'_

PITUITARY (NO. EXAMINED) (10) (9) _,

ADRENAL (NO. EXAMINED) (10) (10) __- --.

Kemorrhage 1

Vacuolated Cortical Cells 1

EYE (NO. EXAMINED) (10) (10)

Corneal Subepithelial

Basophil ia

THYROID (NO. EXAMINED) (9) (9)

LARYNX (NO. EXAMINED) (9) (9)
Foci of Mononuclear Cells 2

I i-

1-3
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L SUMMARY INCIDENCE TABLE

-AZ-75

(4O Day Sacrifice

Pale Rats

% group Group Group Group

L 0 M I N

TAHA(NO. EXAMINED) (10) (10)

~.Hemorrhage III

-1EART (NO. EXAMAINED) (10) (10)

* Nonsuppurative MIyocarditis 8 3

.*Pigment Deposition1

kPLEEN (NO. EXAM4INED) (10) (10)

I - PANCREAS (NO. EXAMINED) (10) (10) ______________

[LMHNODE,_POPLITEAL ___ ____ ___ ____

~N.EAMINED) ()()- ____ _

-"JTOMACH (NO. EXAMINED) (10) (10) _______

JPUODENUM (NO. EXAMI1NED) (10) (-10).-

1KECUM (NO. EXAM4INED) (10) (10) ______

Nematodiasis_____ 4 4 -

.-OLON (NO. EXAMINED) (0 1) __

Nematodi asi s3

* SKIN (NO. EXAMI4NED) ___ __ (1) (10) - *-

-TSTIS (NO. EXAMINED) _____ (10) (10) ___

A trophy___ 11 __

1-4
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SUMMARY INCIDENCE TABLE

:RZ-75
:-90 Day SacrificeI Male Rats

Group Group Group G.roup
L 0 M N

j EPIDIDYMIS (NO. EXAMINED) (10) (10) ____________________

K Spermatic Granuloma b

PROSTATE (NO. EXAMINED) (10) (9)____

Nonsuppuratieve Prostatitis 1 __

URINARY BLADDER (NO. EXAMINED) (10) (10) __

FEMUR (NO. EXAMINED) ____ (10) _ (9) _____

ADIPOSE TISSUE (NO. EXA:-I.T ED) (0

d.STERNUM (NO. EXAMINED)(1

1-5

EP L

U Experimental Pathology Laboratories. inc



SUMMARY INCIDENCE TABLE

R -75
9 Day Sacrifice

male Rats

"Group Group Group I Group I
"L 0 M I N I

_QNG (NO. EXAMINED) (10) (10) (10) (10)
-:'Accumulations of Foamy

Macrophages 10 3

-- Hyperplasia of Type II Cells 10 1
Pigment Deposition 10 I 3

-,Adhesion 1
Hemorrhage

.Peribronchial Lymphoid

€ Hyperplasia 8 10 6 7

-kSAL CAVITY-LEVEL I
(NO. EXAMINED) (9) (10) (10) (10)

-Hemorrhage

Submucosal Pigmnent Deposition
.. Congesti on I

Serous Exudate 1

ISForeign Material
Nonsuppurative Rhinitis _____

Cystic Glands ......

NASAL CAVITY-LEVEL II

40. EXAMINED) (9) (10) (8) (9)

Hemorrhage

Submucosal Pigment Deposition 10"Inflammation of Nasolacrimal

Duct 1_2"

Foreign Body _ _

Focal Squamous Metaplasia '

-Focal Inflammation _ _.....

Congestion 1_L.
1-6

EP L

Experimental Pathology Laboratories. Inc
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I
SUMMARY INCIDENCE TABLE I

RZ-75
90 Day Sacrifice
Female Rats

Group Group Group Group

L 0 M N

NASAL CAVITY-LEVEL II (CONTINUED)

Serous Exudate I

Nonsuppurative Rhinitis __

Cystic Glands

NASAL CAVITY-LEVEL I11 02

(NO. EXAMINED) (9) (10) (10) (9)

Hemorrhage
Submucosal Pigment Deposition 10 4

Serous Exudate 1 "".

NASAL CAVITY-LEVEL IV

(NO. EXA14INED) (9) (10) (5) (7)

Hemorrhage

Submucosal Pigment Deposition 10 2

Serous Exudate 1

LYMPH NODE, TRACHEOBRONCHIAL

(NO. EXAMINED) (6) (8) (6) (8)

Hyperplasia of Foamy

Macrophages B 2

Lymphoid Hyperplasia 1 8

Pigment Deposition 8 2

Hemorrhage 2

KIDNEY (NO. EXAMINED) (10) (10) __ (10)

Regenerative Tubular _

Epithelium I

Casts I _ __ ,I

Cortical Infarct

1-7

EPL P

Experimental Pathology Laboratories. Inc



SUMMARY INCIDENCE TABLE

RZ-75
P Day Sacrifice
",.male Rats

Io.

Group jGroup Group GroupL 0. m N
oDNEY (CONTINUED) I I I I I_ _

"Foci of Mononuclear Cells 1 I 2 1 1 _ 1
S-Pignent Deposition 3 J 10 7 - 8 -_

IOJVER (NO. EXAMINED) 1 (10)1 (10) (10) (10)
.. Bile Duct Hyperplasia

Foci of Mononuclear Cells 5 4

.:c-Cholangiofibrosis j I '

Pigment Deposition 1 10 2

ELiAIN (NO. EXAMINED) I (9) (10)

ATUITARY (NO. EXAMINED) I (8) (10)

/VRENAL (NO. EXAMINED) (10) (10)

Hemorrhage _

NVacuolated Cortical Cells

f-IE (NO. EXAMINED) (9) (10) _

Corneal Subepithelial., I

- Basophilia _I

THYROID (NO. EXAMINED) 1 (10) (9) I _

LARYNX (NO. EXAMINED) (10) (9)

-Foci of Mononuclear Cells T 2

--.t I______ ______ ______I______-

Ii4PL"

"Experimental Pathology Laboratoriea, Inc.



SUMMARY INCIDENCE TABLE

I
RZ-75
90 Day Sacrifice
Female Rats

Group i Group Group GroupI L 1 0 N N
TRACHEA (NO. EXAMINED) (10) I (10)

Hemorrhage I

HEART (NO. EXA1INED) (10) (10) i

Nonsuppurative Myocarditis 1

Pigment Deposition

SPLEEN (NO. EXAMINED) (10) (10) "-"

PANCREAS (NO. EXAM4INED) (10) (10)

LYMPH NODE, POPLITEAL

(NO. EXAMINED) i (7) (8)

STOMACH (NO. EXAMINED) (10) (10)

DUODENUM4 (NO. EXAMINED) (10) (10) 'I

CECUM (NO. EXAMINED) I (10) (10) .
Nematodiasis 4 1 I

COLON (NO. EXAMINED) (10) (10) I
Nematodiasis 2 I 2I

__ _ _ __ _ _ _ __ _ _ __ _ _ _ I _ _ _

SKIN (NO. EXAMINED) (10) (10) I _ "_

OVARY (NO. E.(A.MINED) (9) (10) _

E m __ Inc

1-9

Experimental Palthology La~boratories, In(;.



SUMMARY INCIDENCE TABLE

RZ-75

A* a Sacrifice
kal e Rats

G-roup Group Group Group
*L 0 M N

LP&E.RLS (NO. EXAMINED) (9) (10) _____

-",il atation 2 1

L. INARY BLADDER (NO. EXAMINED)�� (8) - (___ ____-___________

*F-.MUR (NO. EXN41INED) (10) (10) _ ______ __

f.:POSE TISSUE (NO. EXAMIINJED) ()-__ ~ --- __

1-10

14PL__ _ _ _ _

*Experimental Pathology Laboratories Inc
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IL

DOSE
"GROUP (mg/m3) TREATMENT

L 0 Controls
M 1 Low Exposure Concentration

. N 10 Medium Exposure Concentration
"0 100 High Exposure Concentration

Ii

I
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U!
HISTOPATHOLOGY INCIDENCE TABLE

RZ-75
90 Day Sacrifice Group L
Male Rats _

3333333333
AN 7 7 7 7 7 7 77 7 7
NU 3 3 3 3 3 3 3 3 3 3

1 1 1 1 1 1 1 1 1 1

9 0 1 2 3 4 5 6 7 8
LUNG

Accumulations of Foamy -

Macrophages ._ . --

Hyperplasia of Type II Cells

Pigment Deposition ... . ... . .

Adhesion

Hemorrhage . ..... .

Peribronchial Lymphoid
Hyperplasia 2 1 2 1 1 1 1 1 1 1

NASAL CAVITY-LEVEL I X X X X X X X X X X
Hemorrhage

Submucosal Pigment Deposition

Congestion

Serous Exudate

Foreign Material

Nonsuppurative Rhinitis

_Cystic Glands -

NASAL CAVITY-LEVEL.It X X X X X X X X X X
Hemorrhage

Submucosal Pigment Deposition . .

Inflanmnation of Nasolacrimal

Duct
Foreign Body

Focal Squamous Metaplasi-a_ ...
Focal Inflammation

Key PE P Lse'- N -N,.Se,'on A - A.! Se.. e

Experimental ~~ ~ Pathlog Laortris -nc -~ ~ S ecio"Ja, 4



HISTOPATHOLOGY INCIDENCE TABLE

.Z-75

% Day Sacrifice Group L
Male Rats

A 3 3 3 3 3 3 3 3 3 3
SAN 77777777
N U 3 3 31 M

5AE
L 0 0 0 0 0 0 0 0 00

0 1 1 1 1 1 1 1 1 1
9 0 1 2 3 4 5 6 7 8

'.:.ASAL CAVITY-LEVEL_ I (CONTINUED . ..

K C-n-gestion.l

Serous Exudate

"Nonsu ppurative Rhinitis s.

Cystic Glands .-.....

ý'ASAL__CAVITY_-LEVELIII X X X X X X X X X
_emorrhage .......... . . ... 2

Sub-mucosal_Pigment Dejposi tion .

Serous Exudate

>ASALCAVITY-LEVEL IV X X X X X X X X X
"fHenmorrhage -2

_ Sunbmucosal .Pigment _Deposition .......

":erous Exudate ....

KYMIPH NODE, TRACHEOBRONCHIAL N X N X X X X N X X
yyperplasia of Foamy _

. acrophages

I Lymphoid Hyperplasia
Pigment .Deposition

T Hemorrhage ._.

IDNEY . . .
I Regenerative Tubular r

- Epitheliu- I 1 1 l 1
Casts

" I11-2

EPL N - N- A.'

Experimental Pathology Laboratories. Inc. s - -.., .- - -. . c: se.

• . . . .. . . - . -. ,. 'i- ., . , • . , . . . •i: • • .- , . . .... -.- .



I
HISTOPATHOLOGY INCIDENCE TABLE

RZ-75
S90 Da. S-crlflce Group L' Male Rats _

3 3 3 3 3 3 3 3 3 3
AN 7 7 7 7 7 7 7 7 7 3
NU 3 3 3 3 3 3 3 3 3 3

A E -
L R 0 0 0 0 0 0 0 0 0 0

0 1 1 1 1 1 1 1 1 1
9 0 1 2 3 4 5 6 7 8

KIDNEY (CONTINUED)

Cortical Infarct

Foci of Mononuclear Cells

Pi ment Deposition _ ___!1 1 1 1 1 1 1 1 1

LIVER X X X X X X
Bile Duct Hyperplasia 1

Foci of Mononuclear Cells 2

Cholangiofibrosis 1

__Pigment Deposition .

BRAIN X X X X X X X X X X

PITUITARY X X X X X X X X X X ..

ADRENAL X X X X X X X Xx
Hemorrhage 2
V Vacuolated Cortical_ Cells I

EYE X X X X X X X X X X

Corneal Subepi thel i al .

_ Basophilia

THYROID X X X X X X N X X

II-

EPL 11-3

Ke) P- Pesp1 N- N Se::' A- A- '

Experimental Pathology Laboratories. Inc e-s I.. r. 2: S ' 3-"P .ec 4 P I. ,-e

. . ... - .. .... *..• . . . . *. . * '



HISTOPATHOLOGY INCIDENCE TABLE

. -. Day Sacrifice Group LMale Rats

S~3 3 3 3 3 3 3 3 3 3
AN 7 7 7 7 7 7 7 7 7 7

'- " 4' 3 3 3 3 3 3 3 3 3 3
1 M

L R 0 0 0 0 0 0 0 0 0 0M 0 1 1 1 1 1 1 1 1 1

"__.90 1 2 3 4 5 6 7 8
"-.ARYNX X X X X X X X N X X

-Foci of Mononuclear Cells

<RCHEA ,'R CHEAX X X X. X X X X X
. Hemorrhage 2

HEART X .
"" N.suppurative lyocarditis

"{"i2 ment Deposi-tion . -1

1- W---. X X X X X X X X X X

* . ANCREAS . X X X X X X X X X

* .YMPH NODE, POPLITEAL X X X X X X N N X N

"' "TOMACH X X X X X X X X X X

UODENUM . X X X X X X X X X

"UM X X X X X X

.Nemnatodiasis -..-- P PP P

"-COLON X X X X X X X X X X
Nematodi asis

11-4
E rn EPLP

| N Experimental Pathology Laboratories. Inc 5-,,( ; .. ' * ,:••

m~ ~~~ . . .. "r " "- r"'""-" " ".. . -. "



I
HISTOPATHOLOGY INCIDENCE TABLE

RZ-75
90 Day Sacrifice Group L
Male Rats j

3 3 3 3 3 3 3 3 3 3

AN 7 7 ? 7 7 7 7 7 7 7
NU 3 3 33 3 3 33 33
, 1 1 1 1 1 1 1 1 1 1 1
A E
LR 0 0 0 0 0 0 0 0 0 0

0 1 1 1 1 1 1 1 1 1
90 1 2 3 4 5 6 7 8

SKI N ___ X_ X XX xX XXX X X

ESTIS x x x x x x x x x

Atrophy __- 5 - -

EPIDIDYMIS x-x- .... x x -x x X .. x -
Spermatic Granuloma -- ------ - - -

Aspermia P

PROSTATE . . .. XX XX X XX XX X

Nonsuppurative Prostatitis 1

URINARY BLADDER .... X X X X X X X X X

FEMUR X_ X X X X X XX X X

--_ i

11-5

Key P-P. esem N-t.Se.!,-- AoA --.. t.-.- .- S.e. ,

Experimental Pathology Laboratories. Inc I - S 2. - . 'S :



HISTOPATHOLOGY INCIDENCE TABLE

iZ-75
.0 Day Sacrifice Group 0
Male Rats

I N
M 4 4 4 4 4 4 4 4 4 4

SA E - - -
L P 0 0 0 0 0 0 0 0 0 0

":"~ 1 1 1 1 1 1 1 1 1
9 0 100 3 4 5 0 7 8

-:UNG

[ Accumulations of Foamy-_

-.* , Macrophages 2_ 3 2 2 2 2 3 2 2 2

*.Hpe~rpIasia of .Tpe II Cells 2 3 3 2 2 3 3 3 2 3

,Pigment Deposition __ 2 2 2 1 2 1 1 1 1 1

7Adhesion ..... _

r7 -e'morrhaqe__
Peribronchial Lymphoid 1 ..

S Hyperpla~ia 2 1 1 2 1 2 1 1 1 2

* 1AL CAVITY-LEVEL I .. X

"i emorrhaqe -1 2 2

* .Sub-iucosal Pigment Deposition 1 1 1 1 1 1 2 2

_.Congestion .

. Serous Exudate

Foreign Material

""Nonsuppurative Rhinitis

Cystic Glands

|NASAL CAVITY-LEVEL II

Hemorrhage 1 2

" Submucosal Pigment Deposition 2 2 2 1 3 2 2 2 2 3

Inflarrnation of Nasolacrimal

Duct 2 2 2 2

Foreign Body p

Focal Sguamous Metaplasia 2

* Focal Inflamimation 3

11-6
"* EPL

C, i',- .,- ... 4i. *,.. • . •:. . .,*• . ,

-: •... Experimental Pathology Laboratories. Inc -. . I -
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I
HISTOPATHOLOGY INCIDENCE TABLE

RZ-75
90 Day Sacrifice Group 0
Male Rats Ii

3 3 3 3 3 3 3 3 3 3 •

AN 7 7 7 7 7 7 7 7 7 7
NU 3 3 3 3 3 3 3 3 3 3
it B 4 4 4 4 4 4 4 4

A E
L R 0 0 0 0 0 0 0 0 0 00 1 1 1 1 1 1 1 1 1 l

9 0 1 2 3 4 5 6 7 8 I

NASAL CAVITY-LEVEL II (CONTINUED) ..

Congestion . . ..-...

Serous Exudate

Nonsuppurative Rhinitis

Cystic Glands ...

NASAL CAVITY-LEVEL III N N
Hemorrhage _.. ... ..

Submucosal Pigment Deposition 4 4 4 3 4 4 3 4

Serous Exudate

NASAL CAVITY-LEVEL IV

Hemorrhage ........ ...

__Submucosal Pigment Deposition 4 2 1 3 3 3 3 2 4 4

Serous Exudate

LYMPH NODE, TRACHEOBRONCHIAL

j Hyptorpasia of__Foam. -

4Macrophages 2 1 2 3 2 2 2 1 3

Lymphoid Hyperplasia 2 2 3 4 4 4 2 2 3 4

Pigment Deposition 1 1 1 1 1 1 1 1 1 1

--Hemorrhage

KIDNEY

Regenerative Tubular

Epithel um 1 2 1 1 1 1
Casts 1 1 1 . ,

11-7
EPL

Key P- e Ž-:. *- A- A, ) -. '**:- [

Experimental Pathology Laboratories. Inc Ci.e -.-



9 HISTOPATHOLOGY INCIDENCE TABLE

C-,.Z-75
,ýA Day Sacrifice Group 0
Male Rats _______________________________

7 77 7 77 7 77

4 4 4 4 4 4 4 444

0 1 1111 1 11 1
________________________1 .D 2.3.3. 4 5 6 7 8

-*:IDNEýL{CQN11NUFDL_-______-. --

L Coticaifrc 2
-. Foci of Mononucl~ea-r Cel~ls-- 1 ~ 1-

*iylgrnlen -tDeposi -tion __ _ _ _ 3 3 3 3 2 -2 _3 3 -3 A 3

BileDu~ctHyperplasiiaI
Foci of Mon onucl ear Cells 1 1 1

Pi gment Deposi tion~~-

*9qRAIN X__ X X-X XX-

I--T N XX X X X N X X X

1ADRENAL - - - X X XX X XXX
Hemorrhage.

Vacuolated Cortical Cells 2

jLYE -X -X . - -- . X X ~X X X X X
1Corneal _Subepithel ial

Bas~philia _ 24

_____I X X XXN X X XXX

11-8
E P

________________________ Key P- P-ee-' ~ Nr .~.
I- V .ý 7 -- '1 >I NExperimental Pathology Laboratories, Inc 5 - e i



I
HISTOPATHOLOGY INCIDENCE TABLE

" RZ-75
S90 Day Sacrifice Group 0
SMale Rats

3 3 3 3 3 3 3 3 3 3

ASN 7 7 7 7 7 7 7 7 7 7
N u 3 3 3 3 3 3 3 3 3 3

M 4 4 4 4 4 4 4 44
A E -

-oL R 0 0 0 0 0 0 0 0 0 0

0 1 1 1 1 1 1 11", g9 0 1 2 3 4 5 6 7 8

LARYNX X X X N X X X X

Foci of Mononuclear Cells 1 1

TRACHEA X X X X X X X X X X

Hemorrhage . .....

HEART X X X X X X X

Nonsuppurative Myocarditis_. 1 2 _ 1 . ...............

_ Pigment Deposition . . .

SPLEEN X X X X X X X X X X

< PANCREAS X XX X XX X X XX X

LYMPH NODE, POPLITEAL .. . X X X X X N X X X X

STOMACH . X X X XX X X X XZX

DUODENUM_-----.. .. X X X X X X X X X X

CECUM X X X X X X

Nematodiasis P P P P

COLON X X X X X X X

Nematodiasis P P P

11-9
" "EPL 1

Key P- Pristn! - N-P Se-l.o' A- A.! y - "

Experimental Pathology Laboratories. Inc - ,- . - SeI(o'



L HISTOPATHOLOGY INCIDENCE TABLE

OIZ-75
'%0 Day Sacrifice Group 0
Male Rats

3333333 33
AN 7 7 7 7 7 7 7 7 7 7

"N 3 3 3 3 3 3 3 3 3 3

MB 4 4 4 4 4 4 4 4 4 4

SA 

E
LR 0 0 0 0 0 0 0 0 0 0

"-"0 1 1 1 1 1 1 1 1 1
9 0 1 2 3 .4 5 § 7 8

-.KIN X_ XX X X XXX X XX
'I" .- . . . . .. . . .... .. . .. . .

"-ESTIS X X X X X X .X X
___At roph!Y_v... .. . ........ .. 5 . .....- -

;, -ID.IDyFIIS . x x~x . x x x x . .. .

iSpeqrmatic Granuloma --. ... P X

Aspermia ...... .. P

TATE X X N X XX X X X X

_Nonsuppurative Prostatitis

1"RINARY BLADDER_ X X X XX X X X X .X

] R ...... xX N XX X X X X X

ADIPOSE TISSUE X X X X X XX X X XX

1STERNUM ... x

,. EPL
Kpy P-r," -- rIr A- A

Experimental Pathology Laboratories, Inc 9, g, i -. ,: .,r.. Sect.".

.•.. :: - .. , . . : . _:, .., , L. . .. . . " .. . . . . .. . . " . . '-" " ." . .- . . . . . " .



I
HISTOPATHOLOGY INCIDENCE TABLE

RZ-75 I
90 Day Sacrifice Group M
Male Rats

3 3 3 3 3 3 3 3 3 3
AN 7 7 7 7 7 7 7 7 7 7
NU 3 3 3 3 3 3 3 3 3 3
1M 2  2 2 2 2 2 2 2 2 2

M B

A E
LR O0 000 0 0 0 0 0

0 1 1 1 1 1 1 1 1 1
9 0 1 2 3 4 5 6 7 8

LUNG _ x

Accumulations of Foamy-
Macrophages

Hyperplasia of Type IICells
Pigment Deposition

Adhesion

Hemorrhage

Peribronchial Lymphoid . . ....... .

Hyperplasia 1 1 1 1 1 1 1

NASAL CAVITY-LEVEL I X X X X X X X X

Hemorrhage - - - 1
Submucosal Pigment Deposition _
Co_ np stio n.. . . ... ..

Serous Exudate

Foreign Material
Nonsuppurative Rhinitis

__Cystic Glands 1

NASAL CAVITY-LEVEL II X X X N X N X X X

__Hemorrhage ... .... 2
_...Submucosal Pigment Deposition

Inflarnation of Nasolacrimal

Duct
Foreign_ Body

__Focal Squamous Metaplasia

Focal Inflammation

H11-I
Key P- Pe P-• N - A. A . e ) -

Experimenta; Pathology Laboratories, Inc 5- Sppe .. S, Q -. '.- ,e

• ' o .. -, - . -. , -*.* o . " , * . . .. " . . . . .• o . . . . " . . . . . " . .



HISTOPATHOLOGY INCIDENCE TABLE

%•Z-75
90 Day Sacrifice Group M
ale Rats

-3 3 3 3 3 3 3 3 3 33
AN 7 7 7 7 7 7 7 7 7 7
N 3 3 3 3 3 3 3 3 3 3

M MB 2 2 2 2 2 2 2 2 2 2

A E
L R 0 0 0 0 0 0 0 0 0 0

0 1 1 1 1 1 1 1 1 1
_ _ _ _ _ _9 0 1 2 3 4 5 6 7 8

"PAS.AL CAVITY-LEVEL_ II ICONTINUED) ....... . .

"-onestion .
Serous Exudate e ..... . .... .. ... ... ... . . . . . .

INonsupPurative Rhinitis _____..

Cystic Glands ___ 1

.'CASACAVITYLEVEL .I1I - N X X X X X X X X

_}emoorrhage- - - 3
Submrnuco sal -_Pigment. Deposition _ _

i Serous Exudate

*:ASAL CAVI.T..Y.-L.EVELIV X -N X X X X X X X
__Hem9rrhage_ -------... 3

Submucosal Pigment Deposition

_Sero-us Exudate

,%YMPH NODE, TRACHEOBRONCHIAL X X X X N X X

Hyperplasia of Foamy

_. Macrophages

Lymphoid Hyperplasia

.Pignent Deposition

Hemorrhage 2 1

.'-- .7...

11-12

S............. .... . . . . . .. . . . . . ..I--~~~. ......... ---lt
"Exermeta %'hl~yLboaois n



HISTOPATHOLOGY INCIDENCE TABLE

90 Day Sacrifice Group N
Male Rats j

3 3 3 3 3 3 3 3 3 3 t
AN 7 7 7 7 7 7 7 7 7 7
NU 3 3 3 3 3 3 3 3 3 3
,, 3 3 3 3 3 3 3 3 3 3
M B
A E
L R 0 0 0 0 0 0 0 0 0 00 1 1 1 1 1 1 1 1 1

9 0 1 2 3 4 5 6 7 8

LUNG

Accumulations of Foamy

Macrophages 1 1

Hyperplasia of Type II Cells 1

Pigment Deposition 1 1 1

Adhesion

Hemorrhage . -1 -... ... . .

Peribronchial Lymphoid--

Hyperplasia 1 2 1 2 1 1 1 1 1 1

NASAL CAVITY-LEVEL I X X X X X X X X X

Hemorrhape_. _

Submucosal Pigment Deposition

Congestion
Serous Exudate

Foreign Material

Nonsuppurative Rhinitis
_Cysti.c_ Gl ands I .. ... .

NASAL CAVITY-LEVEL II X X X N X X X X X

-Hemorrhage__ _ _ _

Submucosal. Pigment Deposition

__Inflarnation of Nasolacrimal

Duct

Foreign_ Body_ _" "

Focal Squamous Metaplasia

Focal Inflanriation .__

11-13
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IL HISTOPATHOLOGY INCIDENCE TABLE

* 9Z"75

Day Sacrifice Group N
Male Ratsi.

*3 3 3 3 3 3 3 3 3 33
A N 7 7 7 7 7 7 7 7 7 7
N U 3 3 3 3 3 3 3 3 3 3

IMB 3 3 3 3 3 3 3 3 3 3

L R 0 0 0 0 0 0 0 0 0 0

0 1 1 1 1 1 1 1 19 0 1_2 3 4 5 6• 7 8

&KASAL CAVITyY- LEVEL _II CON_TI NUED) .. ... .

Co nestion
Serous Exudate

Nonsu.p_ur. t iye.Rhinitis 1
SCystic Glands

!A-ýSAL-XAV TY -LEVEL -11-II X- N-

-. Subm~ucosal- -Pigment- Deposition __1

A ~SAL-CAVIT.Y-LEVEL IV-- X X X X X X N X N X

'HemorrhJage-

. S ub-mucopsal. _P~igment_ Deposition-I

l•.Submucosal _Pigment Deposi tio~n .. ............... . . . . . .-

-Serous Exudate

'MPH N.ODE, TRACHEOBRONCHIAL X X X X X X X

. _Hyperplasia of Foamy- .... ...
-. Macrophages I 1

.ymnphoid Hyperplasi.a .
•'Pigment- Deposi~tion.. 1 1

"Hemorrhage

,: DNEY

..Regenerative Tubular.

l•_.E~pithel um 1 1 1 1
Casts 1

11-14
-. EPL

Expermentai PathoIccv Laboraiories Inc 1-- , - .
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I
HISTOPATHOLOGY INCIDENCE TABLE

RZ-75 I
90 Day Sacrifice Group N
Male Rats

3 3 3 3 3 3 3 3 3 3
AN 7 7 7 7 7 7 7 77 7
NU 3 3 3 3 3 3 3 3 3 3I M
MA 3 3 3 3 3 3 3 3 3 3
A E
L R 0 0 0 0 0 0 0 0 0 00 1 1 1 1 1 1 1 1 1

9 0 1 2 3 4 5 6 7 8

KIDNEY (CONTINUED)

Cortical Infarct
1* Foci of Mononuclear Cells 1- p

Pigment Deposition 1 11 11 -__1 1 1 1 1..

LIVER XXXX X X X X

Bile Duct Hyperplasia

Foci of Mononuclear Cells 1 1
Cholangiofibrosis

Pigment Deposition

11-15
EPL

Key P- P'.ese-. N- 1, E.. .:) A - A , ~ A
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DOSE
GROUP (mg/m 3 ) TREATMENT

L 0 Controls
M 1 Low Exposure Concentration
N 10 Medium Exposure Concentration
0 100 High Exposure Concentration

Ell



HISTOPATHOLOGY INCIDENCE TABLE

RZ-753
90 Day Sacrifice Group L
Female Rats__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A N 7 77 7 7 7 7 77 7
Nu 3 3 333 33 333

MB0 1 1 1 1 1 1 1 1 1

LUNG _X X

Accumulations of Foamy -- .----------

M_-acrgýphaes -- ~.-

Pigment Deposition___ . . . . . . ..

Adhesion . _ __p -__ .-.

Hemorrhage

__fribronchialj..yrnphoi

H~yperplosia -__ 111 1 -1 2 1 1 -..

NAA A- CAVITT-mEY11- YE X ~X X X N -X -X X .X

-Hemolrrha8ge . .- .

-Sub~mucosal-Pigment Depositi on
Coin!9estion .- . * .3 _

Serous Exudate _____ ___3

Foreign Material __- .- --

Norisuppurative Rhinitis

_Cystic Glan-ds _______po

NASAL CAVITY-LEVEL II - X X N X X X X

Hemorrhage__ __

_.Submnucosal Pi-gment De~position-

Inflammation of Nasolacrinial

_Forei n Body -_____

Focal Squamous Metaplasia_
Focal Inflammuation________ ______ ___

11-16
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HISTOPATHOLOGY INCIDENCE TABLE

'R Z -75
"9•O Day Sacrifice Group L

Female Rats

3 3 3 3 3 3 3 3 3 3

M B 1 1 1 1 1 1 1 1 1 1l&A E - - - - - - - - - -
L R 5 5 5 5 5 5 5 5 5 5

"""0 1 1 1 1 1 1 1 1 1
9 0 1 2 3 4 5 6 7 8

--AASAL CAVITY-LEVEL II (CONTINUED)

Congestion

Serous Exudate .3

Nonsuppurative Rhinitis
.Cystic Glands

NASAL CAVITY-LEVEL III X X X X N X X X X

Z Hemorrhage

Submucosal Pigment Deposition . ...

Serous Exudate 1

.JASAL CAVITY-LEVEL IV X X X X N X X X X

Hemorrhage

SSubtiuc osal Pigment Deposition

Serous Exudate 1

• .-_YMPH NODE, TRACHEOBRONCHIAL X X X X X N N N N

SHiyperplasia of Foamy

tMacrophages -

* .Lymphoid Hyperplasia 2
Pigment Deposition

Hemorrhage

.(IDNEY X X X X X X

.R-egen er a ti ve Tubular

p Epithelium . .

Casts

1I-17
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I
HISTOPATHOLOGY INCIDENCE TABLE

RZ-75I
90 Day Sacrifice Group L
Female Rats _

3 3 3 3 3 3 3 3 3 3
AN 7 7 7 77 7 7 7 7 7N u 3 3 3 3 3 3 3 3 3 3
IM 1 1 1 1 1 1 1 1 1 1

L R 5 5 5 5 5 5 5 5 5 5
0 1 1 1 i, 1 1 1 1 1
9 0 1 2 3 4 5 6 7 8 .

KIDNEY (CONTINUED) - - -.- . -
Cort~&i ca In fa rcc_ .. .. . -

Foci of Mononuclear Cells s. .

Pi ment _Deociitionl _ 1_ 1 1 - *

LIYER _ X XX X XX X X X X _
-Bile Duct- hyperpl asia a-----

Foci of MononuclearCell-s

Chol~angiof~ibrosl s_-- -.

_Pigi.ent Deposi ti on _. -

BRAIN X X X X N X X XX X

PI_TU ARY......... . X .N X X N X X .X X X

ADRENAL X X X X X X X X X X
_Hemorrhage ... ..

_Vacuolated Cortical Cells

EYE X X X X N X X X X X

-Corneal Subepithelial

_ Basophilia _..

THYr(OID XX X X XX X X X X

Experimentai Pathology Laboratories, Inc. : elfSers ?'-



k HISTOPATHOLOGY INCIDENCE TABLE

r%-75
ý&O Day Sacri f ice Group L
Female Rats

A N 77 7 77 77 77 7
N U 3 3 3 3 3 3 3 3 3 3

L A 5 5 5 5 55 5 55 5
C'0 1 1 1 1 1 1 1 1 1

9__ _ _ _ _ _ 90 1 23 45 67 8

-'ARYNX ~X X_ X X X X X X X X

Froci of Mononucl-ear Cell-s

-'ACHEA X _ X X _ X X X X X

Nosppurative Myocarditis--

VPigm-entDeposition
__E XX XX XxX XxX X

-ANCREA-S __ X X XXX XX X X

((MPH NODE, POPLITEAL X X X N X X N N X X

i OMAC H _ __X X XX X XXX X

.JODENUM X. X ] XXXX XX X XX

;.CUM X X X XX X

-~Nematodiasis P P P P

-)LON ____ X X X XX X X
Nematodi asi s P P

11-19
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HISTOPATHOLOGY INCIDENCE TABLE

RZ-75
90 Day Sacrifice Group L
Female Rats

AN3 3 3 3 3 3 3 3 3 3
AN 7 7 7 7 7 77 7 7 7
NU 3 3 3 3 3 33 3 3 3

L P 5 5 5 5 5 5 5 5 5 50 1 1 1 1 1 1 1 1 1
9 0 1 2 3 4 5 6 7 8

SKIN x X _X x x XX x x x x

OVARY X N X X X X X X X X

UTERUS X .. . X N X X X X X X-... .. ....--

i__D.latation 3 2

URINAR.YBLADDER _ X N X X X X X X N X

_. . . XX X X X X XXX . ¶

11-20
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"HISTOPATHOLOGY INCIDENCE TABLE

.Z-75
"-•0 Day Sacrifice Group 0
"Female Rats

3 3 3 3 3 3 3 3 3 3
AN 7 7 7 7 7 77 7 77
Nu 3 3 3 3 3 3 3 3 3 3
M,• B 4 4 4 4 4 4 4 4 4 4

A E
L R 5 5 5 5 5 5 5 5 5 5""0 1 1 1 1 1 1 1 1 1

9 0 1 2 3 4 5 6 7 8

I.UNG

SAccumulations of Foamy
4- Macrgphages 3 2 2 2 3 3 2 2 2 3

"H-__Hyperp.'Iasia of Type II Cells___ 3 3 3 2 3_ 3 2 2 .2- 3
"/Pigment Deposition.11 11 1111

--- Adhesion

Peribronchial Lymphoid

SHyperplasia 2 1 2 1 2 1 2 1 1 -1.

! ASA CAVITY-LEVEL I .X. X X X X X

Hemorrhage
Submucosal Pigment Deposition 1 1 1 1

Congestion
-Serous Exudate

Foreign Material P
>:_ Nonsuppurative Rhinitis ........
'Cystic Glands

.4ASAL CAVITY-LEVEL II

.1Hemorrhage -

S ubmucosal Pigment Deposition 2 2 2 2 2 2 2 2 2 21_Inflanmation of NIsolacrimal
•. Duct 2

-Foreign Body

--: _Focal Squamous Metaplasia

Focai 1nflammaion ....

11-21
EPL
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- HISTOPATHOLOGY INCIDENCE TABLE I
RZ-75
90 Day Sacrifice Group 0
Female Rats -_ -_-__

AN 777 777777 7
Nu 3 3 3 33 33 33
MB4 4 4 4 4 4 4 4 4 4

L R 5 55 55 55 55 5

9 0 1 2 3 4 5 6 7 8

NASAL CAVITY-LEVEL II (CONTINUED). ...................... ..........-
Congestion .............. j

Serous Exudate

Nonsuppurative Rhinitis ....

___ystic Glands _ -__--

NASAL_CAVITY-LEVEL III _I _ .... ...

Hemorrha-ge •_
Submucosa_ PigmentDeposition 3 _3 3 3 3 3 3 3 3 2 2

___Serous Exudate ................

14ASAL CAVITY-LEVEL IV

Heior rha~ge. .-. ..-_...-.--
_ ubr'ucosali~gmentDeposition 3 4 4 3 3 4 4 3 3 3
._Serous Exudat-e..__ _.... ....

LY4PH NODE, TRACHEOBRONCHIAL N N

-__.Hyperpl a s i a of. Foamy _
_- Tacroph-ages . .. 2 3 1 3 2 2 2 2

__Lymrphoid Hyperplasia .. 2 3 4 3 2 2 4 3
.Pigment Deposition 1 1 1 1 1 1 1 1
Hemorrhoage__. .. . ...

KIDNEY
Regenerative Tubular __r

Epithelium ....

Casts

11-22
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L HISTOPATHOLOGY INCIDENCE TABLE

;Z-75

0 Day Sacrifice Group 0
Female Rats

3 3 3 3 3 3 3 3 3 3
A N 7 7 7 7 7 7 7 7 7 7
N U 3 3 3 3 3 3 3 3 3 3

Sm 4 4 4 4 4 4 4 4 4 4

A E SL• 5 5 5 5 5 5 5 5 5 5

0 1 1 1 1 1 1 1 1 1
9 0 1 2 3 4 5 6 7 8

:.*--DNEY (CONTINUED)

I I. Cor.tical Infarct ...

Foci of Mononuclear Cells 1 1

"[P ignent Deposition 2__23 3 3 2 3 2 2 2 3

tI~VER
- Bile DuctHyperplasia

Foci of Mononuclear Cells

Cholangiofibrosis

S•-Pg-ment Deposition 1_1 1 1 1 1 1 1 1

.::-RAIN X X X X X X X X XX

* ITJiTARY X X X X X X X X X X

DRENAL XX X X XX X X X X
".He~nor rhage . ..

Vacuolated Cortical Cells

" EYE x x x x x x x x x x

r Corneal Subepithelial

r - Basphi1a

"jiHYROID X X X X X X X N X

11-23
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HISTOPATHOLOGY INCIDENCE TABLE I
RZ-75
90 Day Sacrifice Group 0
Female Rats

3 3 3 3 3 3 3 3 3 3
AN 7 7 7 7 7 7 7 7 7 7
NU 3 3 3 3 3 3 3 3 3 3
IM M
MB 4 4 4 4 4 4 4 4 4 4
A E-
LP 5 5 5 5 5 5 5 5 5 5

0 1 1 1 1 1 1 1 1 1
9 0 1 2 3 4 5 6 7 8

LARYNX X_ X X X XN X X

Foci of Mononuclear Cells 1 1

TRACHEA X X_ X X X X X X X
Hemorrhage _____ ...

HEART A X X XX X X X X X

__Nonsugppurativ•e tMyolarditis. -. . . ... ,

Pigment Depositon_ ...

SPLEEN X X XX X X X X X X X

PANCREAS .... XX . X X X X X X X

LYMPH NODE, POPLITEAL . N X X N X XX X X X X

STOMACH X X X X X X X X X X

DUODENUM X X X X X X X X X X

CECUM X X X X X X X X X

Nematodiasi s P

COLON X X X X X X X X
Nematodiasis P P

EPL I
I Key P* . ,pni N - 14: SP. I.o A - A,ý'. . . '.. " . 'N- 4 .ra • S. 9h, 3 - P..,, Jr 4 -*':,..'"P •

Experimental Pathology Laboratories, Inc S-SiA,- r a' i 3,-r ,;,, 4 ' '2'& c'Z
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HISTOPATHOLOGY INCIDENCE TABLE

::(Z-75.!)0 Day Sacrifice Group 0
Female Rats

3 3 3 3 3 3 3 3 3 3,_A N 1 7 7 7 7 7 7 7 7 7
,..N u 3 3 3 3 3 3 3 3 3 3
'"Im 4 4 4 4 444444

M B

L R 5 5 5 5 5 5 5 5 5 5.;;0 1 1 1 1 1 1 1 1 1
9 0 1 2 3 4 5 6 7 8

'KIN X X X X X X X X XX

'VARYX X X X X X X X X X

111TERUS X --X X X X X X X -X_. . . . ..... . . .. .. . .. .. .. x x x_

-__Dilatation ........... .. ... 2

K:'RINARY BLADDER X X X X XX X X X X

EMUR . X .X X X X X_ X X X X

.DIPOSE TISSUE X X X X X X X X

L .. .

11-25
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HISTOPATHOLOGY INCIDENCE TABLE

RZ-75
90 Day Sacrifice Group M
Female Rats _____________________

A N 7 7 77 7 77 7 7 7
N u 3 3 3333 3 33 3
1 M
msB 2 2 2 2 2 2 2 2 2 2
LRA 5 5 555 5 55 5 5

LUNG 9012345678X

Accumulations of Foamny-

* ~Macrophages- - - -- -

H pepasia ofTp I Cel~s .--

Pigment Deposition

* Adhesion - - . . .

-Hemorrhae __ _ _ _ - -.-- -.-

Pe-ribronchial L~ympbold._-_-_- - . -. . .

____yperplasia __

NASAL__CAVIIY4-EVELJ1____ X X X -X X X _X X X X .

-Hemorrhage -- __

Submucosal-Pigmeit De~position -

-Serous- Exudate- -

...Forelign-Material __- .

ýNonsu~ppurativ-e Rhinitis

Cytic Glands

NASAL CAVITY-LEVEL 11 . X _X X X X X N X N X
* .Hemor~rhaqge -

Submucosal Pigmient Deposition

* Inflarniation of Nasolacrimal

Duct
* Foreign Body

* Focal Squamous Metaplasia i
Focal Inflammation__________________________ ___

11-26
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HISTOPATHOLOGY INCIDENCE TABLE

.,-:0 Day Sacrifice Group M
Female Rats

3 3 3 3 3 3 3 3 3 3
AN 7 7 7 7 7 7 7 7 7 7
N U 3 3 3 3 3 3 3 3 3 3

M 8 2 2 2 2 2 2 2 2 2 2
A E - - - - - - - - - -L P t 5 5 5 5 5 5 5 5 5 5

0 1 1 1 111 15 1

>•ASAL CAVITY-LEVEL II (CONTINUED)

Congestion

Serous Exudate

"NNonsuppurative Rhinitis
. Cstic Glands

NASAL CAVITY-LEVEL III _ X ... X X X _X X X X X

Hemorrhage

Submucosal Pigrment Deposition___

Serous Exudate

.ASAL CAVITY-LEVEL IV N N N X N N X X X X
Hemorrhage

Submucosal Pigme3nt Deposition

Serous ExudateI i-. . . . . - - - ..
*,-Y;4PH NODE, TRACHEOBRONCHIAL X X N X X N X N N X

_ywerPlasia of Foany

_. Macrophages_ ...

1Lymphoid Hyperplasia ....

Pigment Deposition

Hemorrhage

:,.IVER _ X X X X
jBile Duct Hyperplasia .

%. Foci of Mononuclear Cells 1 1 1 1 1

I Cholangiofibrosis

11-27
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I|
HISTOPATHOLOGY INCIDENCE TABLE

RZ-75 1
90 Day Sacrifice Group M
Female Rats

3 3 3 3 3 3 3 3 3 3
AN 7 7 7 7 7 7 7 7 7 7
NU 3 3 3 3 3 3 3 3 3 3I M

MS 2 2 2 2 2 2 2 2 2 2

L R 5 5 5 5 5 5 5 5 5 5
0 1 1 1 1 1 1 1 1 1
.9 0 1 2 3 4 5 6 7 8

LTIVER_(CONTINUED) . .. . ... .. .

Pi..gment_DePos ition

- --.--.---- ....--.... ... .............. .. -

11-28
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HISTOPATHOLOGY INCIDENCE TABLE

.'ŽZ-75
90 Day Sacrifice Group N
. emale Rats

3 3 3 3 3 3 3 3 3 3
A N 7 7 7 7 7 7 7 7 7 7

N" NU 3 3 3 3 3 3 3 3 3 3'•333 3 3 3 3 3 3 3
S. MB

L R 5 5 5 5 5 5 5 5 5
0 1 1 1 1 1 1 1 1 1

.__"_9 0 1 2 3 4 5 6 7 8
!UNG .. x.
. Accumulations of Foamy

"Macrophages _ 1 1
Hyperpl asia o-f Type II Cell~s_ . 1

SPigment Deposition I 1
r Adhesion ... .. .

".-.Hemorrhage

" Peribronchial.Lymphoid

Hyperplasia 1. 1

.ASAL CAVITY-LEVEL I X XX X X X X X X X
'-•_Hemorrhage

Submucosal Pigment Deposition

Congestion
I Serous Exudate

". Foreign Material

__onsuppurative Rhinitis

Cystic Glands

.4ASAL CAVITY-LEVEL II X XX X XX X X N X
* CHemorrhage.

Submucosal Pignent Deposition

-" Inflammation of Nasolacrimal
Duc

,'. Forei~nn Body . ....

_Focal Squamous Metaplasia .

. Focal Inflannation

11-29
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HISTOCPATHOLOGY INCiDENCE TABLE

RZ-753
90 Day Sacrifice Group N
Female Rats________

3 3 3 3 33 3 3 33

N u 3 3 3 3 3 3 3 3 3 3

3__ _ __ _ _ 9012 3 3 3 56783

NASAL CAVITY-LEVELI I tCONTI NUED) ___

Serous Exudate-
Nons~yp~purative Rhinitis

gCysticGlandsI

NASAL CAVITY-LEVELHIII}X N - X X X X

* Subrmucosa1 PigmentDeposition _ __1_1 1 1
Serous Exudate

* ASL AVITY-LEVEL IV X XN N XX X N

_Hemorrhage ---

-Submucosalki-gent Deposition�. -1

-Serous Exuda-te _

LYMPH-NODE, TRACHEOBRONCHIAL- X - X N X N X

-_Hyperplasia of Foamy -

__ Mac-rophages . . .

_ Lyphoi dHyperpl as ia-
Pigment Deposition- 1-1

H~emor~r~hge - . 1 2

K* WHEY X X
-Regenerative Tubular

_Ep ithel11um .- - - -

11-30
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HISTOPATHOLOGY INCIDENCE TABLE

,'•-75

"0 Day Sacrifice Group N
Female Rats

3 3 3 3 3 3 3 3 3 3
A N 7 7 7 7 7 7 7 7 7 7
N U 3 3 3 3 3 3 3 3 3 3
•3 3 3 3 3 3 3 3 3 3

9 0 1 2 3 4 5 6 7 8

*:'IDNEY (CONTINUED)

Cortical Infarct ....
.- Focj of Mononuclear Cells

Pigmnent Deposition 1 1 1 1 1 1 - 1

L'I VER _XX X X

Bile DuctHyper plasia 1

Foci of Mononuclear Cells 1 _ 1 1 1

Chol angi of i brosi s

Piýg1e nt Deposi tion 

.
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NINETY-DAY SACRIFICE

CORRELATION OF GROSS AND MICROSCOPIC F114DINGS TABLES
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SUMMARY INCIDENCE TABLE

"RZ-75
30 Day Sacrifice

t'ale Rats

Group Group Group Group

L 0 M N
11-UNG (NO. EXAMINED) (10) (10) (10) (10)

Accumulations of Foamy

I Macrophages 10 2

Hyperplasia of Type II Cells 10 2

.,Pigment Deposition 10 2

:, Hemorrhage 2

' Edema 1
"Congestion

Peribronchial Lymphoid

• Hyperplasia 8 9 8 9

.INASAL CAVITY-LEVEL I .....

•(NO. EXAMINED) (10) (10) (10) (10)

Hemorrhage 1 1 1 2

Submucosal Pigment Deposition 3

Cystic Glands 2

-.NASAL CAVITY-LEVEL II

l(NO. EXAM,-IED _____ (10) (1o-0) (10) (10)

" Hemorrhcge 1 1 1

Submucosal Pigm-ýnt D(posi tion 10-
Serous Exudate 1

jInflamrn3tion of Nasolacrirnal
Duct 1

.NASAL CAVITY-LEVEL III

!.(No. EXAMINED) .(.10) (10) (9) (10)

I Submucosal Pigment Deposition 10 6

.- Hemorrhage 1

IV-1

EPL

Experrrental P•.1hology Laboriitor~es. Inc



SUMMARY INCIDENCE TABLE

RZ-75
30 Day Sacrifice
Male Rats

Group Group Group Group
L 0 M N

NASAL CAVITY-LEVEL IV
(NO. EXAMINED) (10) (10) (10) (9)

Submucosal Pigment Deposition 10 2

Hemorrhage 1 ._ .-

LYMPH NODE, TRACHEDBRONCHIAL

(NO. EXAMINED) (7) (10) (8)
Lymphoid Hyperplasia 10 1 ._.

Hyperplasia of Foamy __"

M3crophages 10

Pigment Deposition 10 _.

Hern3rrhage

KIDNEY (NO. EXAMINED) (10) (10) (10)

Rejenarative Tubular "

Epithelium 6 6 5

-Foci of Mononuclear Cells 3 4 32 2_

Casts 1 5 3

Pigment Deposition 10 10 10

Tubular Mineralization I

LIVER (NO. EXAMINED) (10) (10) . (10) -..

Foci of Mononuclear Cells 3 3 6

Bile Duct Hyperplasia . ... 1 _ 1 1 _

Focal Capsular Fibrosis- - 1
Pigment Depos!ition.. 10

Hernia

hi

IV-2

EPL

Experimental Pathology Laboratories In.

S.o



SUMMARY INCIDENCE TABLE

'•"RZ-75
30 Day Sacrifice
Male Rats

Group Group Group Group
L 0 M N

.BRAIN (NO. EXAMINED) (10) (10)

1PITUITARY (NO. EXAMINED) (10) (10)

p oJADRENAL (NO. EXAMINED) (9) (10)

Vacuolated Cortical Cells 5 4

.EYE (NO. EXAMINED) (10) (10)

"- .THYRDID (NO. EXAMINED) (10) (10)

": "LARYNX (NO. EXAMINED) (10) (10)
Foci of Mononuclear Cells 6 - -

"--..TRACHEA (NO. EXAMINED) (10) (10)

C *j. J Foci of Mononuclear Cells

* -. HEART (NO. EXAMINED) (10) (10)

T Nonsuppurative tMyocarditis 7 2
: Interstitial Fibrosis 2 2

.-SPLEEN (NO. EXAMINED) (10) (10)

-PANCREAS (NO. EXAMINED) (10) (10) . . ..

".-ILYMPH NODE, POPLITEAL

' (NO. EXAMINED) ...... (10) (9) . ...... . .
Pi..e...epo.tion....... ..................... . . ..!• .IPigment Deposition12

" Lymiphoid Hyperplasia

IV-3

Experimental Pathology Laboratories. Inc



SUMMARY INCIDENCE TABLE I

RZ-75
30 Day Sacrifice
Male Rats

Group Group Group Group
S L 0 M N

STOMACH (NO. EXAMINED) (10) (10)

DUODENUM (NO. EXAMI.NED) (10) (10)

CECUM (NO. EXAMINED) (10) (10)

Nematodiasis 3 1

COLON (NO. EXAr4T-7D) (10) (10) ;_

Nematodi asi 1 1

SKIN (NO. EXAMINED) (10) (10) "_

TESTIS (NO. EXAMINED) (10) (10) .... . .___

EPIDIDYMIS (NO. EXAMINED) (10) (10) _ _ _

PROSTATE (NO. EXAMINED) (10) (10)

URINARY BLADDER (NO. EXAMINED) (10) (10)

FEMUR_ (NO. EXAIINED) (9) (10) . . . .. .

ADIPOSE TISSUE (NO. EXA1UNE) . (10) . . . . ..

_-_.. . . ....... . . .......---. . .. . . . -- .

_"_. ... . . . . ... ....-. . . -. ...... I-- *

"IV -4

Experimental Pathology Laboratories. Inc

":" • . . - .- . . • . . .. - -.'_ - .- .*-. . ". . . - - _ . ; L ' : -_ - • -" -- • - • - - - ": " - - -



SUMMARY INCIDENCE TABLE

ýtZ-7 5
30 Day Sacrifice

Ir emale Rats

Group Group Group Group
L 0 M IN

ILUNG (NO. EXAMiNED) (9) (10) (10) (10)

5*Accumulations of Foamy ____________________________

f arophages 10 2 _ _

H-iyperplasia of Type 11 Cells 10 1

1Pigmtent Deposition 10 2

Hemorrhage 1

Edema

ICongestion 2

T Peribronchial Lynmphoid_ 
_ _ _ _

hr Hyperplasia 5 .10 5 1

jNASAL CAVITY-LEVEL I______________

-(NO.EXAi4INED) (9) _ __(9-) (10) (10)

Submucosal__PigmentDepos ition 5

C__ ystic Glands 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

..NASAL CAVITY-LEVEL 11____ __

60(N. EXAMINED) (9) _(9) (10) (10) _

Hemorrhage ___

SuhtmucosalPigment Deposition 91
Serous Exudate

IInflammation of Nasolacrimal
Duct _____1

-NASAL CAVITY-LEVEL III

.-(NO. EXAAINED).............- (9 (9-9
ISu mv,.osal Pigment Depsto 9 5

H emurrhage

K j Experimental Palthology Laboratories. Inc



SUMMARY INCIDENCE TABLE m

RZ-75

30 Day Sacrifice
Female Rats j

Group Group Group Group
L 0 M N

NASAL CAVITY-LEVEL IV

(NO. EXAMINED) (9) (9) (10) (10)

Submucosal Pigment Deposition 8 6

or

Hemorrhage •

1LYMPH NODE, TRACHEOBRONCHIAL__--

(NO. EXAMINED) (7) (10) (9)

._LY.plidHyperplasia 10 ,_ -

Hyperplasia of Foamy,

Macrophages 10

Pigment Deposition 10 _._

Hemorrhage 1

KIDNEY (NO. EXAMINED) (9) (10) (10)

Regenerative Tubular

Epithelium 1 2

Foci of Mononuclear Cells 1 2-

Casts I,__ _
Pigment Deposition 9 10 7

Tubular Mineralization .]

LIVER (NO. EXAIIINED) (9) (10) (10)

Foci of Mononuclear Cells 4 3 2

Bile Duct Hyperplasia 1 1

Focal Capsular Fibrosis 1

Pigment Deposition .. .. 10

Hernia '1-

_. . . .. . .. ..-- - . . . . . . . . . . . .. .. ..

IV-6

EPL I
I Expe'mmenlal Pathology Laboralories, Inc

L'. " '. " ". " - - ,' "• ,, ', =',' '. • •.• ,'.% . •' -, ," " T• "•' " .• ' . . ." *" " "." : • • • ' • • . ' -• • "



SUMMARY INCIDENCE TABLE

ý.(Z-75
30 Day Sacrifice

^-enale Rats

Group Group Group Group
L 0 M N

BERAIN (NO. EXAMINED) (9) (9)

}PITUITARY (NO. EXAMINED) (9) (9) ____________

lADRENAL (NO. EXAMINED) (9) (10)
Vacuolated Cortical Cells

FEYE (NOD. EXAMINED) (9) (9)

TTYOD(NO. EXAMINED) (9) (10)

jLARYNX (4O. EXAMINED) - (9) (10),________
.. Foci of M"ononucclear Cells 2

77ACEA (NO. EXAMINED) (9) (10) _ _____ 1
Foc~i of Mononuclear Cells1

AEART (NO. EXAMINED) (9) (9)______

ENonsuppurative M4yocarditis _______ ____

Interstitial Fibrosis _____

'I3PLEEN (NO. EXA1INED) ()(0

P-FANCREAS_(NO. EXAMINED) (9) _ (10)

TLYMPHNODE, POP-LI TEAL

"A1ND. EXAMINED) __(9) (0
f-Pigment Deposi tion
* Lymphoid Hyperplasla

IV -y

EP L

'4- Experimental Pathology Laboratories. Inc



SUMMARY INCIDENCE TABLE 3
RZ-75 I
30 Day Sacrifice
Female Rats

Group Group Group Group
STMC L 0 M N
STOMACH (NO. EXAMINED) (9) (10)

DUODENUM (NO. EXAMINED) (9) (10) _________

CECUM (NO. EXAMINED) (9) (10)

3 Nematodiasis 2

COLON (NO. EXAMINED) (9) (10)

Ne~matodiasis 2 2

SKIN (NO. EXAMINED) (6) (10) 3.

OVARY (NO. EXAMINED) (9) (10) _-

Parovarian Cyst 2 1

UTERUS (NO. EXAMINED) (9) (10) "'"

Dilatation 2 2

URINARY BLADDER (NO. EXAMINED) (8) (10) _____"___

FEMUR (NO. IEXA.-All-ND) (9) (10)

ADIPOSE TISSUE (NO. EXAMINED) _(9) _"

j."

IV-8

EPL

Experimental Pathology Laboratories. Inc

". . .. . . ",. . . .". . . . ." " ,".... ..L '" " " " '' '"" '...... ."- . .. "'''p. " -' • '= " ' " " ;
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I
I
i

DOSE
GROUP (mq/ 3) TREATMENT

L 0 Controls
M I Low Exposure Concentration
N 10 Medium Exposure Concentration
0 100 High Exposure Concentration

q'

U

..,.



HISTOPATHOLOGY INCIDENCE TABLE

.',Z-75
30 Day Sacrifice Group L
ale Rats

C,•. 3 3 3 3 3 3 3 3 3 3
A N 7 7 7 7 7 7 7 7 7 7
N U

I M 3 3 3 3 3 3 3 3 3 3
M B 1 1 1 J 1 1 1 1 1 1
A E -. . . -. . - -

L R 0 0 0 0 0 0 0 0 0 0
1 2 2 2 2 2 2 2 2 2

-:__ _ _9 0 1 2 3 4 5 6 7 8

• ".UNG X X
• Accumulations of Foamy_ _

-. \ Macrophses ......
t yperplasia of TypeII Cells

Pigment Deposition

Heqmorrhage_ ..... ....--

Edema -... . ...

_Congestion

._Peribronchial Lymphoid

ýHH pqrp-asia --- - 1 -

•dASAL CAVITY-LEVEL I X X X X X X X X X

H Hemiorrhage . ........... 3
SSubmucosal _Pigment Deposition ..

S Cystic Glands

LASAL CAVITY-LEVEL .I - X X X X X X X X X

Hemorrhage 
2

._Submucosal Pigment Deposition . .

Serous Exudate__

":..Inflarnation of Nasolacrimal

Duct

INASAL C.AVITY-LEVEL III X X X X X X X X X X
.-Submucosal Pigment Deposition.

h Hemorrhage .....

V-1
, 

Key P- P__ _e__nl N-N.__•-SI,.lA- A. ,-
I -P ah .L b ý r S - t 3 *. :' . . 4 - I. . .Experimental Pathology Laboratories. Inc 5- st,f-. -• 9 .- ,••,, ,•(



iL
HISTOPATHOLOGY INCIDENCE TABLE

RZ -75
30 Day Sacrifice Group L
Mal p Rats_

3 3 3 3 3 3 3 3 3 3

AN 7 7 7 7 7 7 7 7 7 7
N V 3 3 3 3 3 3 3 3 3 3
I M IIMBe 1 1 .1 1 1 1 1 1 1 1
A E -. ..- . - -

L R 0 0 0 0 0 0 0 0 0 01 2 2 2 2 2 2 2 2 2

9 0 1 2 3 4 5 6 7 8

NASALCAVITY-LEVEL IV X X_ X X X X X X X X

Submucosal Pigment Deposition ..

Hemorrhage . ... . . ..

LY14PH NODE_ TRACHEOBR3NCHIAL X X _X N N N X X X X
Sh__oidHp erplasia - - - -.

Hyperplasia of Foamy

Macrophages

Pigment Deposition

Hemorrhage

KIDNEY

Regenerative Tubular

Epithelium 1 _ . 1 2 2 1 1 . . . . .

Foci of Mononuclear Cells 1 _ 1

Casts .. ....._.__...1.

Pigment Deposition 1 1 1 1 1 1 1

Tu.bular Mineral ization .

LIVER X ... X X X X X

Foci of Mononuclear Cells 1 11

Bile Duct HIyperplasia 1_

Focal Capsular Fibrosis 2 |'.,

Pigment Deposition _
Hernia

-V-2

E P2

Experimental Pathology Laboratories. Inc -S.e ;-n ,.r eSetc•



HISTOPATHOLOGY INCIDENCE TABLE

=. RZ-75
30 Day Sacrifice Group L
Male Rats

3 3 3 3 3 3 3 3 3 3
A N 7 7 7 7 7 7 7 7 7 7
N U 3 3 3 3 3 3 3 3 3 3
"M 1 1 1 1 1 1 1 1 1 1m M
A E - - - - - - - - - -

L R 0 0 0 0 0 0 0 0 0 0
1 2 2 2 2 2 2 2 2 2
9 0 1L 2 3 4 5 6 7 8

BRAIN X X X X X X X X X

PITUITARY X X X X X X X X X X

ADRENAL XXNX X .. ...

Vacuolated Cortical Cells 1 1 1 1 1

EYE X X X X X X X X X X

T YROID X X X X X X X X X

LARYNX- XX X X X X X X X X

Foci of Mononuclear Cells

"TRACHEA .. X X X X X X X X X X

Foci of Mononuclear Cells-

• HJART -....... .... . X X

...- Nonsuppurative Myocarditis 1 1 1 1 1 1 1

Interstitial Fibrosi. 1 1

"SPLEEN X X X X X X X X X X

PANCREAS ..... x x x x x, x

V-3

Ke V7- r"
EPL

Exoer:mental Pathology Laboratries. Inc I .N-

". . . .P - S -. .



HISTOPATHOLOGY INCIDENCE TABLE

RZ-75 GrupL

30 Day Sacrifice Group L
Male Rats I

3 3 3 3 3 3 3 3 3 3
A N 7 7 7 7 7 7 7 7 7 7
N U 3 3 3 3 3 3 3 33 3

MB1 1 1 1 1 1 1 1 1 1

A E - -

L R 0 0 0 0 0 0 0 0 0 0
1 2 2 2 2 2 2 2 2 2
9 0 1 2 3 4 5 6 7 8

LYMPH NODE, POPLITEAL X X.X XX X X X X .

Pigment Deposition 2

LymphoidHyperpl asi a 2 - . .....

STOMACH X X X X X X X X X.X -

DUODENUM x X X X X X X XX X

CECUM X X X X X X X

Nematodiasi s P P P

COLON______ x x x x x xXX x -

Nematodiasis P

SKIN_ X X X X X X X X X l -

TESTIS .... ... ... . XX X XXXXXX X

EPIDIDYMIS X X X X X X X X X .

PROSTATE X X X X X X X X X X

URINARY BLADDER X X X X X X X X x .--

V-4
EPL •E

____________________ Key P:'es--,'! N--tf- Se:IC A- A , .

xperimvea- Pathology Laboratories, Inc Se, -e'e S , 3pM|,



HISTOPATHOLOGY INCIDENCE TABLE

:"Z-75
%ý0 Day Sacrifice Group L
Male Pats

AN 7 77 77 77 77 7

MB1 2 2 1 1 1 2 1 1 1

____________________0__1__2 i Z . 3 4 5 6 7 8

--EMUR___ _ X X X X N X X X X X -

Y-5

___________________________________ Ke, P -F-c' t~N Se . .. se,,.

Experimental Pal1,ology Laboratories. Inc I *. -'.eS:,c-



HISTOPATHOLOGY INCIDENCE TABLE

RZ-75
30 Day Sacrifice Group 0I
Male Rats ______________

A N 7 77 77 77 77 7
NU 3 33 3 3333 3 3
'4 4 4 4 4~ 4 4 4 4 4

A E - - - - - - - - - -
I F 0 00 00 00 00 0

1 22 22 22 22 2
____________ 90 123 45 67 8

LUNG

Accumulations of Foamy

Macrphages 3 2 2222 22 2- 2

Heperplasia of Typ~e II C~ells _3 2_2_2 2__ 2 -2 ..2 -1 2

Pigment Deposition 2 1 1 _1 1 1 1 1 1 1---------

Hemorrha e

Edema

Con estion

Peribronchial Lymphoid

_Hype~p asia 1 1 1 1 2 2 1 1 1

NASAL CAVITY-LEVEL I___ X X X X X X

Hemorrhage __1

Submucosal Pigment Deposition _ 1 _ 1 -

CysticGlands

NASAL CAVITY-LEVEL il

Hemorrhage __2

Submucosal Pigment Deposition 2 2 2 2 2 1 1 1 1 1

Serous Exudate1

Intlaniation of Nasolacrimal

Duct 1

NASAL CAVITY-LEVEL III

_Subm~ucosalPigmentDeposition 3 -3 3 3 3 3 3 2 3 3

_Hemorrhage __

V -6

Key P_ P,ec-,I f .. s~cl.z A-.. -. *-

Experimental Pathology Laboratories, Inc 1 - Se ef~ e le Se I c



L HISTOPATHOLOGY INCIDENCE IABLE

"P30 Day Sacrifice Group 0
Male Ratsp

3 3 3 3 3 3 3 3 3 3
A N 7 7 7 7 7 7 7 7 7 7
N U3 3 3 3 3 3 3 3 3 3
"MB 4 4 4 4 4 4 4 4 4 4

•. AE
LR 0 0 0 0 0 0 0 0 0 0

"" ~2 2 2 2 2 2 2 2 2
0. - 1 2_ 3 4 5 6 7 8

*'x1ASAL CAVITY-LEVEL IV

Lubmucosal Pigment _Deposition 4 3_ 3 4 1 3 1 1 3 3
-Hemor~rh~age_ ______

'-YMPH NODE, T RACHEOBRONCHIAL_
'_ym_ý hoid Hyperplasia . .3 3 2.2 3 3 3 2 2 2

IHperplasia of Foamy .
• Macrophages_ ... . . 4 2 3 1 4 3 3 3 3 3

"Iyptigent Deposition 1 1 1 1 1 1 1 1 1 1

V _H~emo .r.,h age . .. . .

"-_Regenerative Tubular

r.- Epithelium 1 1 1 1 1 2
"Foci of Mononuclear Cells 1 1 1 1

I Casts 1 1 1I
Pigment Deposition 2 3 2 2 3 2 2 2 2 2

Tubular Mineral ization 1

Foci of Mononuclear Cells 1 1

' Bile Duct Hype'plasla 1
Focal Capsul&r ibrosis
Pigment DIpc I 1 1 1 1 1 1 1 1

SHernia

• °'

EPLI

•isthorogytauutaiw' " . . .PIjI~ p ,,,; , a h , t &dLAfdI'to!P, . "lA., ,



HISTOPATHOLOGY INCIDENCE TABLE

RZ-75
30 Day Sacrifice Group 0
Male RatsI

3 3 3 3 3 3 3 3 3 3
AN 7 7 7 7 7 7 7 7 7 7
NU 3 3 3 3 3 3 3 3 3 3

I 4 4 4 4 4 4 4 4 4 4
M 6
A E
L R 0 0 0 0 0 0 0 0 0 01 2 2 2 2 2 2 2 2 2

9 0 1 2 3 4 5 6 7 8

BRAIN X XX X XXX X X X

PITUITARY _ X XX XXXXX X X X X

ADRENAL X X XXX X

Vacuolated Cortical Cells 1 1 1 1

EYE _ __ X X X X X X X XX X

"THYROID x X X X X X X X X X

[ARYNX X X X X
Foci of Mononuclear Cells 1 1 1 1 1 1

YRACHEA x X XXX X X X X X X

Foci of Mononuclear Cells

HEART X X X X XX X

Nonsuppurative Myocarditis 1 1

Interstitial Fibrosis . 1

SPLEEN X XX X X X X X X X

PANCREAS . X XXX X X X X X X

EPL
•x_ .,, • .,.,,i. ,,. ,..o, . , .l .A , '. ..... ,

Expo',,eenlaI Paihology Labc'ralot,p, IrC b , , 4,,"e-,' -..... .. I "".,



HISTOPATHOLOGY INCIDENCE TABLE

-:-Z-7 5
ýn) Day Sacrifice Group 0
Male Rats _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

33 3 3? 33 33 3
A N 7 7 77 777 7 77
N U

3M 333333333
BD 4 4 444 44 44 4

L R 0 00 00 00 00 0
12 22 22 2 22 2

I ~-. .9 0 1. 2 3 4 5 6 7. 8
".-__HNODE. POPLITEAL x _x N X X X X X

Pgment De osition__ 1_- -1-

.___pod_ýpr a-. ---

* DUODENU-M x x x x x

Nematodiasis .-.. P

PIDIDYMIS . - XX xX x X x X x

'R0STATE... K x xX xYX X XXX

* 1 IRINARY BLADDER Xxx Yx X XX XXX

.-9

Experimental Paihology Lpboratofies Inci



HISTOPATHOLOGY INCIDENCE TABLE I
RZ-75
30 Day Sacrifice Group 0
Male Rats

3 3 3 3 3 3 3 3 3 3
A N 7 7 7 7 7 7 7 7 7 7
NU 3 3 3 3 3 3 3 3 3 3
IM 4 4 4 4 4 4 4 4 4 4m e

A E
L A 0 0 0 0 0 0 0 0 0 0

1 2 2 2 2 2 2 2 2 2
9 0 1 2 3 4 5 6 7 8

FEMUR X X X X X X XX X X

ADIPOSE TISSUE XX X X X XX X X x

V-10

''

E.. . .. . . . ..r e a u t- In 1'

V.. 10

4 -- ,,y A . a" 4-'., - , A •. .,', ••
'Ex,-',rlr eniag Pathology I albor&torge$ Inc I Y.-. 'ea Q 2 '- :'1-'.•' 2 .' N



HISTOPATHOLOGY INCIDENCE TABLE

,ýRZ-75
30 Day Sacrifice Group M
Male Ratsw

3 3 3 3 3 3 3 3 3 3
AN 7 7 7 7 7 7 7 7 7 7
N U 3 3 3 3 3 3 3 3 3 3
MB 2 2 2 2 2 2 2 2 2 2AF

IL ~ ~A 0000000000 - -L R 0 0 0 0 0 0 0 0 0 0
:" 1 2 2 2 2 2 2 2 2 2

9 0 1 2 3 4 5 6 7 8
S--LUNG X- . ... ...

-_Accumulations of Foam), .-..

,-Macropa" es

__ynperlasia of Type I1 Cells
I Pigment Deposition .. .. . ... .. . . . .

¶ Hemorrha.ge 1.... .-
Edema 2

:'-4 Conqestion

_ d~
T-eri bron-ch Ia Lymp~ho d. . . ....

__HyperpUlasiJa .... 1_ 1 1 1 1

'-NASAL CAVITY-LEVEL I XX X x x X X

Hemorrhaqe 1

i Sub'nucosal Pigment_ Deposition . ....

I -.- Cystic Glands

NIASAL CAVITY-LEVELI X ] XX X XXX X X x

. .Hemorrhage . . ... 2
Submucosal Pigment Deposition

Serous Exudate

Inflammation of Nasolacrimal
Duct___....

NASAL CAVITY-LEVEL III X X N X X X X X X

Submucosai Pigment Deposition

Hemorrhage 3

V-1i
S EPL

Expernmenal PathologyLabofalornes, Inc o..,-



HISTOPATHOLOGY INCIDENCE TABLE U
RZ-75
30 Day Sacrifice Group M
Male Rats I

3 3 3 3 3 3 3 3 3 3
A N 7 7 7 7 77 7 7 7 7
N U 3 33 3 3 3 3 3 3 31 m
m 2 2 2 2 2 2 2 2 2 2
AEL R 0 0 0 0 0 0 0 0 0 0

1 2 2 2 2 2 2 2 2 2

9 0 1 2 3 4 5 6 7 8

NASAL CAVITY-LEVEL IV X X . X X X X X X X x
_ S u b m u c o s a l P i gq n e n ~t _ .D e g ~o ~s i t i o n .. . . . . . . . ... .

Hemorrhaage 2

__.... ......... 2.. .... ..... ... . .

0000000000..........

NJ

.K. p - p #.. l •. • . . & • . ) . . -

E,,perimental Pathology Laboratories. Inc . ... , i .. . ,, r ,.



HISTOPATHOLOGY INCIDENCE TABLE

-75
3%0 Day Sacrifice Group N
Male Rats

A N 7 7 7 7 7 77 7 7 7

MB 3s 3 3 3 3 3 3 3 3

19 00000000006 7

1-JNG _ _ _ _ _ _ _ _ X_

Accumulations of Fo~amy -- ----

Macro hages - __11 - --

Hyperplasia of Type 11 Cells I
Pigment Deposition __

*r Hemorrhage _ _ _ _.-- . . - -

*Edema

Congestion ____

Peribronchial Lymphoid --

Hyerlasia111111111K CASAL CAVITY-LEVEL I _- -- X X XX X XX X
Hporrhage-------. 1

OSubmrucosalPiqm~ent Deposition-1- 2

Histic Glands~

'.ASALCAVITY-LEVEL II X X X K K X K K K

_Submucosal Pigment Deposition .1

1"Serous Exudate _

�Inflammation of Nasolacrimal

%ASAL CAVITY-LEVEL III -X K K XX
S._ubmucosal Pigment Deposition 1 1 1 1 1 1

_Hemorrhage-- --.

V-13

Experimental Palhalo~gy Laboratories. Inc- i* I-
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I

DOSE
GROUP (mg/m 3 ) TREATMENT

L 0 Controls
M 1 Low Exposure Concentration
N 10 Medium Exposure Concentration -

0 100 High Exposure Concentration
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HISTOPATHOLOGY INCIDENCE TABLE

:,Rz-75
30 Day Sacrifice Group N
.sMale Rats

3 3 3 3 3 3 3 3 3 3
A N 7 7 7 7 7 7 7 7 7 7
SN U 3 3 3 3 3 3 3 3 3 3

BM 3 3 3 3 3 3 3 3 3 3
A E
L R 0 0 0 0 0 0 0 0 0 0

1 2 2 2 2 2 2 2 2 2
_ _ _ _ _9 0 1 2 3 4 5 6 7 8

'-.4ASAL CAVITY-LEVEL IV .. X X X X N X X X
Submucosal Pigment Deposition I-

Hemorrhage

..-.YMPH NODE,_TRACHEQBRONCHIAL N_ X_ X X X N. X X X

4m phoi d Hyperkl asia_ 1
Z.- H__yperp1asia of Foamy._______

MacroIhages

[. Pigment DepositionS Hemorrh ýe.../ . -- _ -- _

,ý.IDNEY

"Reeenerative Tubular
_ jpithelium 2 1 1 1 1

Foci of Mononuclear Cells _1 1

-.- Casts 1 1 1

_ Pigment Deposi.tion 1 1 1 1 1 1 1 1 1
Tubular Mineralization

ILLVlER x X X
1*"Foci of Mononuclear Cells 1 1 1 1 1 1

"Bile Duct Hyperplasia 1

Focal_Capsular Fibrosis

_Pigment Deposition

* Hernia

V-14
EPL P

Exper~meniaI PatholOgy Laboratories. Inc 5 ..-.- • - ,- .. ...,,.,



HISTOPATHOLOGY INCIDENCE TABLE

RZ-75
30 Day Sacrifice Group L
Female Rats

3 3 3 3 3 3 3 3 3 I
A N 7 7 7 7 7 7 7 7 7
NU 3 3 3 3 3 3 3 3 3
I M
M B 1 1 1 1 1 1 1 1 1

A E
L R 5 5 5 5 5 5 5 5 5

1 2 2 2 2 2 2 2 2
,_ _ __ _ _ 1 2 33 4 5 6 7

LN _ _.X . X X A .... ... .. .. .

Accurnulation L Eo-amy _ . ..

Macrophages ... ....

H_•_rpla._si a of Typpe I __Cell s_
Pigment Deposition . . . .

Pemorrhage ....--

Edema

Congestion __--

Peribronchi al Lymphoid
___H--yperpl asi-a . . . .. . . . .-

NASAL CAVITY-LEVEL I__ X X X X X X X X X
Hemorrhage ..

Submucosal Pigment Deposition"

Cystic Glands

- --- -.-.. .. -- -- - - - - -

NASAL CAVITY-LEVEL II X X X X X X X X "

Hemorrhage .

Submucosal Pigment Deposition

Serous Exudate "-

Inflammation of Nasolacrimal

Duct 2

NASAL CAVITY-LEVEL III X X X X X X X X X

Submucosal Pigment Deposition

Hemorrhage . . ,

V-15
EPL

SKey - A t" - !. A- A ,.

Experimental Pathology Laboratories. Inc v , i ' -. . . . . ..



HISTOPATHOLOGY INCIDENCE TABLE

%RZ-75
,'ý30 Day Sacrifice Group L

Female Rats

S3 3 3 3 3 3 3 3
AN 7 7 7 7 7 7 7 7 7

-. N U 3 3 3 3 3 3 3 3 3
M B 1 1 1 1 1 1 1 1 1

L R 5 5 5 5 5 5 5 5 5
'" 1 2 2 2 2 2 2 2 2

9 0 1 2 3 4 5 6 7

'NASAL CAVITY-LEVEL IV XX X X X X X X X

"Submucosal Pignent Deposition

Hemorrhage

.. LYMPH NODE, TRACHEOBRONCHIAL X X X X X N N X X
• Lyrphoid H0perplasia

S- ype~pi ia of Foamy - -- -

Mac rophages

I Pigment Deposition
S He orra ge .... ..

" Regenerative Tubular

Klpi~thel i umr

Foci of Mononuclear Cells .
•| Casts _

-Pigment Deposition . I 1 1 1 1 1 1 1

1.__Tubular Mineralization _ _

LIVER - - - - - X X X X

' Foci of Mononuclear Cells 1 1 1 1

-i Bile Duct Hyperplasla 1

- Focal Capsular Fibrosis

Pigment Deposition

IHernia'_

V-16
EP L

K(- F- P.'C., N-- SeN:s:- A--A .

Experimental Pathofogy Laboralories. Inc -.1



HISTOPATHOLOGY INCIDENCE TABLEI

RZ-75
30 Day Sacrifice Group LI
Female Rats__________________________ _____

3 '1 3 3 3 3i
LA 5555555577 577

12222222233 33
____________ ___________1 M. J .

ADLA X 5 5 5 5 5 X5 5-

-BAI _ __ _ _ _ XXX X

EYEIAR XX X X X X X X X

S ADRYNXL __ X XX X X X X X
-' rco~lae C f ono ticalea Cells-- 11

LAYX X X X X

--Foci- of Mononucl earCells1

TRAHEAR XX X XXX X X

* Nonsuppurative Myocarditis

Interstitial Fibrosis

SPLEEN-. . X XX XX XX X

* PANCREAS X X X XXX 4

V-17 .

I ~Experimental Pathology Laboratories. Inc 2.~i: M,~ S.



HISTOPATHOLOGY INCIDENCE TABLE

,-Z-75
ýýO Day Sacrifice Group L
Female Rats

3 3 3 3 3 3 3 3 3[
AN 7 7 7 7 7 7 7 7 7
N U 3 3 3 3 3 33 3 3

•C~MB 1 1 1 1 1 1 1 1 1

A E
L R 5 5 5 5 5 5 5 5 5-", 1 2 2 2 2 2 2 2 2

9 0 1 2 3 4 5 6 7
"QYMPH NODE, POPLITEAL X X X X X X X X X

"Pigmernt Depo~sition

.. ,.Lymphoid Hyperplasia

STOMACH X _ XX X XX X X X

[DUODENUM _ _ XX X X X X X X XX

CECUM X XX X X X X XX

Nematodiasis

.x0L_ __ XX X X X X X
- Nematodiasis P P

KN N X N X N X X X X

...-)VARY_. . . . x x x x x x x

Parovarian Cyst__ P P

UTERUS X X X X X X X

Dilatation 4 2

IURINARY BLADDER X N X X X XX X X

EL .S

i--V-18 -
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Experirnentai Pathology Laboratories. Inc 5 t,.-• •. .. '' "'



HISTOPATHOLOGY INCIDENCE TABLE I

RZ-75
30 Day Sacrifice Group L
Female Rats

3 3 3 3 3 3 3 3 3
AN 7 7 7 7 7 7 7 7 7
N U 3 3 3 3 3 3 3 3 3
M B 1 1 1 1 1 1 1 1 1

A E
LA 5 5 5 5 5 5 5 5 5

1 2 2 2 2 2 2 2 2
9 0 1 2 3 4 5 6 7

_FEMUR x X x x x x x x

-~~~ _________

S. . . . .. . .. Inc 3 i

C..

-.. . . . . .

V-19
EPL

-- _______ (• ' - f,,..,.*-, N -*J %, * -6 • , - •

E~petrmcntal Pathology Laboratores. Inc • '* -....... N'Sc:3*' 4' il



i •HISTOPATHOLOGY INCIDENCE TABLE
bt.

.4Z-75
"30 Day Sacrifice Group 0
Female RatsS

3 3 3 3 3 3 3 3 3 3
A N 7 7 7 7 7 7 7 7 7 7
N U 3 3 3 3 3 3 3 3 3 3
IM4 4 4 4 4

M B
A A E - - - - - - - - - -
L R 5 5 5 5 5 5 5 5 5 5

1 2 2 2 2 2 2 2 2 2

"" g19 0 1 2 3 4 5 6 7 8

'LUNG

Accumulations of Foamy.. . ... .

• . Macropha g es 2 3 2 2 2 2 3 2 2 2

Hyperplasia of Type II Cells 2 3 2 2 2 2 2 2 2 2

Pigment Deposition 1 1 1 1 1 1 1 1 1 1

S Hemorrhage

IEdema

1 Congestion

IPeribronchial Lymphoid

S . .. Hyp-erplasi-a 1 1 1 2 1 2 2 1 1

',:NASAL CAVITY-LEVEL I X X X X N

"_Hemorrhage .. ....

S Submucosal Pigment Deposition 1 1 1 1.1

"' Cystic Glands

"NASAL CAVITY-LEVEL H N

j Heriiorrhage_
Submucosal Pigment Deposition 1 1 1 2 1 2 i1 1

Serous Exudate

Inflammation of Nasolacrimal

Duct

-NASAL CAVITY-LEVEL III N

J . Submucosal Pigment Deposition 2 3 2 3 3 3 2 3 2

LjHemo rrhage -. -

V-20

p--"" EPL Po L r
---: Ixperimenrtal Pathology Laboratories. lnc * S ... -•. -,-..+ ,., t,-' ,
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HISTOPATHOLOGY INCIDENCE TABLE

RZ-75
30 Day Sacrifice Group 0
Female Rats _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

i3 3 3 3 33333 333 3
ANI 7  7 7 7 7 7 7 7 7 7

% ~~~~~NU3333333333
MB 4 4 4 4 4 4 4 4 4 4
A E - - - - - - - - -
L R 5 5 555 55 5 5 5• :: i 1 2 2 2 2 2 2 2 2 2-

"."-_ _ 9 0 1 2 3 4 5 67 8
NASAL CAVITY-LEVEL IV ... X N

_Submucosal-Pigment De position 3 1 1 2 1 1 3 2

Hemorrhage ___-- -

LYMPH NOOE, TRACHEOBRONCHIAL

_Lymr.pho idHyperpiasia a.. 2 3 3 3 3 2 4 2 4 2

__Hyperplasia of Foamy - ... -

3Macrophages - 3 2 3 2 2 3 3 2 3 2

' -Pigment Deposition Ii 1 1 1 1 1 1 1 1 1

H-e-morrhage 1-
KID-NEY1! __•_•_. . . .. . .. .. . .. .

Regenerative Tubular .
mEpithelilum____ .1..

-Foci of Mononuclear Cells 1

-- Casts.

Pigment Deposition 2 2 2 2 2 2 2 2 2 2

-Tubular Mineraliz3tion -

LIVER___

*i: Foci of Mononuclear Cells 1 1 1

* Bile Duct Hyperplasia

Focal Capsular Fibrosis 2

PigrnentDeposition 1 1 1 1 1 1 1 1 1 1

Hernia P

V-21
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HISTOPATHOLOGY INCIDENCE TABLE

*ýXZ-75
'-40 Day Sacrifice Group 0
Female Rats 

Group_0

1V
3 3 3 3 3 3 3 3 3 3

A N 7 7 7 7 7 7 7 7 7 7
N U 3 3 3 3 3 3 3 3 3 3

-- M44444 4 4 4 4 4
MB

AE - - - - - - - - - -

L R 5 5 5 5 5 5 5 5 5 5:': 1 2 2 2 2 2 2 2 2 2

9 0 1 2 3 4 5 6 7 8

..- '3RAIN X X X X X X X X N X

.DITUITARY X X X X X X X X N X

[ADRENAL XX X X X X X X XX

Vacuolated Cortical Cells

'-EYE X X X X X X X X N X

'-HYROID .. X X X X X X XXX X

..L.AYNX X X X XX X X X X
- Foci of Mononuclear Cells

"- XTACHEA X X X X X X XX X

Fioci of Mononuclear Cells

S HEART .... X X X X N X X X X
a Nonsuppurative .XyocardiXtis

Interstitial Fibrosis

- SPLEEN - X XX X X XX X X X

PAIJCREAS X XXX X X X X X X

V-?2
EPL

., Ke, p-- .p , Patholog. •. K - AI-n

U 4Experimer•'al Pathology Labora~oes. Inc •-s -. ,.,-,, -... .. I',, ..Z:,
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HISTOPATHOLOGY INCIDENCE TABLE K
RZ-75
30 Day Sacrifice Group 0
Female Rats

3 3 3 33 33 3 33
AN 7 7 7 7 7 7 7 7 7 7
NU 3 3 3 3 3 3 3 3 3 3
I M
MB 4 4 4 4 4 4 4 4 4 4
A E 55555555L R 5 5 5 5 5 5 5 5 5 5 ;

1 2 2 2 2 2 2 2 2 2
9 0 1 2 34 5 6 7

LYMPH NODE_. POPLITEAL X X X X X X X X XX -.

Pigm.ent De oosi ti on .
_ Lymphoid Hyperplasia

STOMACH X X X XX X XX X X

DUODENUM . X X X X X X X X X X

CECUM . .X X X X X X X X_

_ Nematodiasis ... P P

COLON X X X X X X X X
_Nematodiasis P P

SKIN X X X X X X X X X X

OVARY X X X X X X X X X

Parovarian Cyst P -

UTERUS X X X X X X X X
_ Dilatation 32 2

URINARY BLADDER X XX X XX X X X X

V-23
EPL '

-____ _____ _____ _____ _K Iey P-P, -, ,-Ni .eco- A- A -" ' '
Experimental Pathology Laboratories. Inc H," I :, r:"r- Sici.o'



L HISTOPATHOLOGY INCIDENCE TABLE

%,.Z-75
"3'0 Day Sacrifice Group 0

Female Rats

3 3 3 3 3 3 3 3 3 3
A N 7 7 7 7 7 7 7 7 7
uN 3 3 3 3 3 3 3 3 3 3

4 4 4 4 4 4 4 4 44
A E.. L A 5 5 5 5 5 5 5 5 5 5

'.'- 1 2 2 2 2 2 2 2 2 2

9 0 1 2 3 4 5 6 7 8

'-EMUR X X X X X X X X X X

-"DIPOSE-TISSUE X - X X X X X X X

-V-24
* o-

, . .. .1

I. V•- -

°• ""V -24

"E PL
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Experimental Pathology Laboratories Inc .
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I
i HISTOPATHOLOGY INCIDENCE TABLE

RZ-75
30 Day Sacrifice Group M
Female Rats

3 3 3 3 3 3 3 3 3 3
AN 7 7 7 7 7 7 7 7 7 7
'u 3 3 3 3 3 3 3 3 3 3

B 2 2 2 2 2 2 2 2 2 2
A E
L R 5 5 5 5 5 5 5 5 5 5

1 2 2 2 2 2 2 2 2 2
9 01 23 4 S 6 7 8

S~~x x x x ..
__Acpcumqulati_ons_ of Foamy........ ....

Mac rophages_
Hperplasi a- of Type II Ceells .

Pige n t Depos i tion

Hemorrhage ..

Edema

_Conesti1on4.. 2 1

Peribronchi al Lymphoi d .-

p _Hyperplasia I I 1 1

N.ASAL CAVITY-LEVEL - ___ X X X X X X X X X X

Hemorr.hage -..

__Submucosal Pigment Deposition

_Cystic_ Glands .

NASAL CAVITY-LEVEL II X X X X X X X X X X

Hemorrhage_.

Submucosal Pigment Deposition

Serous Exudate

Inflammmation of Nasolacrimal

Duct

NASAL CAVITY-LEVEL III X X X X X N X X X X

Submucosal Pigment Deposition

_ Hemorrhage . . .......

V-25
EPL Key P-Peer . - S' .3-. A-AI. ' -. - .T ' A: l

Experimental Pathology Laboratories. Inc 5-. S J
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HISTOPATHOLOGY INCIDENCE TABLE

ý:,z-75
ýO Day Sacrifice Group M

emale Rats

AN3 3 3 3 3 3 3 3 3 3
AN 7 7 7 7 7 7 7 7 7 7

SNU 3 3 3 3 3 3 3 3 3 3
I M

I B 2 2 2 2 2 2 2 2 2 2
MA E -. - . . . . .- . . .-

SR 5 5 5 5 5 5 5 5 5 5
" ~1 2 2 2 2 2 2 2 2 2

9 0 1 2 3 4 5 6 7 8
.'4ASAL CAVITY-LEVELIV_... X X X X X X X X X __X

t Submucosal Pignent Deposition

Hemorrhage

.. m -

.
N ............

A. - A

i ' I

"(..

* . -.. . . . .

I- --- *

V-?6
EPL

____ ___ ___ __,.___ ___ ___ ___ ____ __"__ ey P.er.,", - ': S" -. . .A-"A "" ."

Experimental Pathology Laboratories. Inc b S..,. .( i -,. :,•- ,-If s,-:C' I,



HISTOPATHOLOGY INCIDENCE TABLE

% RZ-75
* 30 Day Sacrifice Group N

Female Rats

3 3 3 3 3 3 3 3 3 3
AN 7 7 7 7 7 7 7 7 77
'u 3 3 3 3 3 3 3 3 3 3
.B 3 3 3 3 3 3 3 3 3 3

A E
L R 5 5 5 5 5 5 5 5 5 5

1 2 2 2 2 2 2 2 2 2
9 0 1 2 304 5 6 7 8

LUNG

Accumulations of Foariy .....

Macrophages ..... . . 1 -

Hyperplasia of _Type IICellIs 1
_P~igmen~t._De~positi on __ 1i

Hemo rrhage ....... .... . ... ... . . . .. ... ..
Edema-

. C ongestion ....

Peribronchial Lymphoid ..

Hyperplasia 1 1 1 1 1 1 1

NASAL CAVITY-LEVEL I X_ X X XX X XX X X
_Hemorr~hage . ..........

__Submucosal Pigment Deposition

-Cystic Glands .. . .

NASAL CAVITY-LEVEL I!... X X X X X X X X X
S...Hemaorrha~ge . .. . ..

- Submucosal Pigment Deposition I -
-- Serous Exudate

Infla,-mation of Nasolacrimal

Duct

NASAL CAVITY-LEVEL III X X X X N

Submucosal Pigment Deposition 1 1 1 1 1
- Hemorrhage .

V-27
•. EPL
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IL HISTOPATHOLOGY INCIDENCE TABLE

",RZ-75
:30 Day Sacrifice Group N

.Female Rats

3 3 3 3 3 3 3 3 3 3
A N 7 7 7 7 7 7 7 7 7 7
N u 3 3 3 3 3 3 3 3 3 3
M 3 3 3 3 3 3 3 3 3 3

Wp A E . . . . . . . ..
L R 5 5 5 5 5 5 5 5 5 5'" i 2 2 2 2 2 2 2 2 2

9 0 1 2 3 4 5 6 7 8

-*ASAL CAVITY-LEVEL IV X X X X

LSux~brnucosal Pigment Deposition 1 1 1 1 1 1

'-Hemorrhage

.:.YMPH NODE, TRACHEOBRONCHIAL X X X X X X X X N
iLymphoid Hyperplasia.

-_H~yper~p~las_ a_ .of Foamy

Macrophages

F _Piigment Deposition

Hemorrhage

IDNEYV X X

" Regenerative Tubular

Epithelium 11

Foci of Mononuclear Cells 1 1
Casts

Pigment Deposition 1 1 1 1 1 1 1

i I Tubular Mineralization

LIVER-- X X X X X X X

Foci of Mononuclear Cells 1 1

j Bile Duct Hyperplasia 1

. Focal Capsular Fibrosis

Pigment Deposition
Her~ni-a

V-28
•' EPL
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THIRTY-DAY SACRIFICE .
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CORRELATION OF GROSS ANID trICROSCOPlC FINDINGS TABLES "'
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